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PliFJ'ACE. 


Thu manufacture of chemical matiVues has now, hecome a 
most important industry in sevei-al copiitries, but notwith¬ 
standing the magnitude of this industry, up to tlie igsue of the 
first edition of this book, very little had beerf written on the 
subject in France, and no author in that chuntry had at¬ 
tempted to make it the matter of a^special tn'atisc. Ify the 
isSue of this book the author cndoavounsl to fill what must 
have been a long-felt want. 


From a technical point of view French literature supplies 
but little material for such purpost;. I'k'eiich managers and' 
chemists rarely publish their knowledge (but this appfieS also 
more or less to other countries), (utlier they have not the time 
or they are bound down IV the conditions of theirhuuploy- 


meut not to disclose matters which are regai-ded as secrets 
that may be useful toacompetitors. This is ili many cases a 
grave mistake since,those iui'opting this" plan work in a little 
groove whfsh becomes deeper a.sd deeper; ’as against this iden 
it is evident, however closely that iV may 1» ki'})t, knowledge 
eventijally becomes univf'.rsal. ! i' ' * 

Other countries, especially (Termany, >ai'e l)ett<!i;'oir in tfiis 
respect, Since foreign publications arb to be obtained, includivig 
several special treatises, annual reports on the prcjgress of 
different industries, editeff in most cases by retired works 
managers or othe^f pract''sal men, etc., in winch the ditferent’ 
^ifleesses are described and discussed intH-tbeir'iftearings, due 
note being taken of now processes Siscoveries. : , • i ’ 
From such maferial,'together with per.sonal experience, 
|ind also with the help of knowledge imprfvted by eminenj 
specialists and scientists • wha.Jmvo given ev«ry aM and 
encouragement, the autfior has prepared the presept book, 
which, although it lays no claim to be a'^perfect and complete 
compendium of the whole subject, is nevertheless, a true and 
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PREFACE 


we h&pe readable account of this most important industry, 
which should be useful not only to manure manufactumrs, 
but also to farmfirs„agricultural chemists atjd others interested^ 
in agricultural matters. 

The* first edition of this book was published in prance irr 
1909, and an iauthorized translation, prepared by Donald 
Grant., was issued by the present publishers in 1911. In thkt ’ 
^ition.ma'ay practical notes were added by the translator, 
from a store gathered in a long career as chemist and works 
manager in chemical manure and sulphuric acid works. 
These notes hiive been retained for the most ^art^in the pre¬ 
sent edition blit have beeti, except in a few cases, incorporated 
with the text. In addition the matter has been closely re¬ 
vised, and much ngvt' material has been added, in order to 
bring it thoroughly up to date. Two other books by the 
publishers also dealing with the subject may be referred to, 
these are “Hone Products and Manures,” by Thomas Lam¬ 
bert; and “ Utilization'of Waste Products,” by Theodbr 
Koller. 
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Bleichert & Co.’s mono-rail, 357-73. 
Blood, dried, 192, 266-72. 

— drying of, 267-70. 

— in manure mixing, 192. 

— phosphates, etc., in, 6, 7. 

Blue Biver phosphates, 34. 

Bohemian apatite, 28,452, 53. 

Boiling meat for mea^meal, 272. 

Bone ash, 85, 194-5. ^ 

— bed, 26, 51. 

— black, 193-4. 
composition, 176, 177. 

— crushing, 180 2. 

— degelatinizod, 85, 188. 

— dusts, 85, 176, 187-90. 

— earth, 85, 194-5. 

— fat, 1^^2-7. • 

-- meal, 85, 176, 187-90. 

— mills, 180. 

— picking, 179-80. 

— steamed, 182. 

— superphosphate, 190-2. 
lione.s, bullocks’, 179. 

— l)uried, 179. 

— butchers’, 177. 

— cattle, 179. 

— classification, 179. 

— f«!;/ilizing value, 178. 

— fossil, 178. 

•— grinding, 180-2. 

— horse, 179. 

— kitchen, 179. 

— sheep, 179. 

— stoi^ng, 178. « 

— ^itrolized, 190-1. 

'Bornes phosphates,, 23. 

Boulogne phosphates, 17, j52, 53. 
Brachiopods, 3. * , 

Brain, phosphates in, 6. 

Brittany fisn ^'\^ot 308. c 
•Broohon’s patem, 65. ^ 

Bromine from Htassfurt salts, 324. 
Brown Island guano, 41, 46,«51, 

61. 

Buenos Aires phosphate. 51# 56, 57, 
Bukovina phosphatos, 2b^ 

Bullocks’ heads, 179. 

Burgundy lijs, phosphates of, 20 



INDBJC 


177 


C. 


Oaceres phosphates, 52, 53. 

€akes, %lter press, 105. 

, Calais phosphates, 14-18. 

Calciaidg phosphates, 03. 

Calcium alumibate, 208. 

— carbonajle, 53-01, 78. 

— chloride, 76,106, 320, 331. 

— fluoride, 53-Gl, 79, 

— iodide, 79. 

— phosphate, 4, 52-61, 75-8. 

— Bilieaffi, 80, 203, 211. 

'— sulphate, 80, 203-11. 

— tetraphosphaA, 204-6. 

Caliche, 222 ^ 

Cambrian, Wejfh phosphates of, 27. 
Cambridge coprolites, 26, 54-5. 
Canadian apatite, 54, 55, H5. 

Cannes phosphates, 23. 

CArbon disulphide, 1H4. 

^— in bone black, 194. 

Carbonic%cid, its functfon in nmniire 
manufacturing process, 78. 
Carinthia phosphates, iT2-3, 

CarnalUte, 317, 320, 329,330, 337, 33H. 


Carolina phosphates, 31, 54, 55, 85. 
Carres disintegrator, 121-2. 

— process, 67. 

Oauoasihn potash, 346. 

Cayman’s Isle, 41. 

Cement kilns, potash from, 345-6. 
Charcoal, animal, 198-9. 

Charleston phosphates, 54, 55. 

Cheese, 31.3. 

Cher phosphates, 22. » 

Chesterfield Islo guano, 41. 

Chili guano, 58, 59. 

— saltpetre, 222-9, 292. 

Chilian potash deposits, 338. 

Cbiochfts Isles guano, 58, 59, 296. 
Chlorine, eonteit^ potash salts, ^30. 
Chloroform, amount of fat ceded 

• by various grades of bones, 188. • 
Christmas Isle^uano, 43, 60, 61. 
Cipljiphbsphatos, 28-4, 52-3, 85. 
Glipperton guano, 41,49, 51w§6, 5J, 85. 
^ke oe£DB, iB2-3. * • * 

Colombme, 313.^ ^ 

CompouBd manures, 146-^. 
Oo^eyind^ystem, electrical, 365, 869- 
78. 

Co nvgy erg, 72\ 85^3. 

Cofirotes, 25 7JbI. 

Corcovado guano, 58, by. 

OOt^de Or, 90. 


Crab guano, 310. 

Cracow bat guaii^59t 53. 

Grudetpotash sal^ 317^ 

Crusher, oyliudrical, 123. 

— separator, 95-8. 
Crushing^superphosphat|f 120-4. • 
Cup-chain elevator, 103, 360. 

Curavao phosphates, 41*56, 57, 85, 
Cya^amide, 284-8, 291-4. 

— rules for use of, 293. 

Cylindrical crasb(|, 123. 

!>• 

Dainaraland guano, 51, 60, 61. 

Damp superplioBpbiite, 75. 
Degelatinizc<l bone ilust, 85, 

Di'lmo osteolite, 52. 53. 

Deu, manure mixing, 108-11.* ' 
Devonian formation, phusplutes af, 
Dicalcic phosphate, 11. 

I Dicyanamido, 286. 

Dill pliosphorite, 52-3.‘ 

Diiiietallic ovtliopljospl\ate, 10. 
iHsmiiUlrs, 3. 

Disintegrator, lOH. 

Dissolved bones, 190-2. 

— leather, etc., 1^12. ♦ 

— 1‘eruvian guano, 301-i>. 

Distillery spent wash, anfinonia, 280-4. 
Distribution of phosphates, 51. 

Djbel gournia phosphahis, 39. 

! Dneister phosphate basin, 28. 
i Dolomite in super manufacture, 110. 
i Double llollcr Mill, 100. • 

Double superphosphate luanuff^^tun 
I 1.57-02. 

; Dr. Lorenz’s process, 128. 

! Dr. Lutjens’ process, 128-80. 

I Dried blood. 192, 266-72. 

1 DrOme and Isf^ro phosphates, 28. 

• Drying blood, 266-72. 

I — in vadho, 208. 

' — raw phosphates, 02. 

I— superphosphates, 124-37. 

!?)ry nUcing of manures, 146. 

! Dnmoncean anfl Nic^as patents, 65. 
Duncan’s patent, 172. 

E. 

Eagle, dungfof, 295. 

Ei(^t Coast (Patagonia) guan#, 56-7. « 
EboU bat guano, 305. 

E^^runner • for grinding ra» phos* 
phatet, 87. 
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Effront’fl tf«iientatjon ammonia, 2H3-4. l 
Egyptian bat guato^^Orj, 

*— phjsphate8,^89, • • 

fllectncalfjoto-motor truck, HOl-H. 

— conveyor!*, ;J57-7H. 

ElecWic fanmVp, manufacktr<|j of phoH-. 

phoruH in, 170-5. • 

Elevating phoHfJhoric aci<l, >55. 

— raw phoHphiitefi, 104. f , 

— sulphuric acid, 107. 

Elevator, cup ciiain, |08-4. 

Elevators, 108-4. 

Emlerbnry Iwland guano, 41, 5K, 50. 
English phosphates, 25-7, 54, 55. 
Enriclftnent of phosphates, 02, 04. 
Estremadura apatite, 5, *20, 5*2, 58. 
ExpcriiApts on hay, 144. 

^ on oaits, 138. 


I Fish scrap, 311, 

!— waste, 306. 
j Flatstone Mill, 88. 

; Flint Isle guano, 41. 

I Florida phosphate, 32-6, 54, 55, 85- 
I Fluonlsle phospho guano, 41.* 

Fossil bones, 26, 51. 
iPluorme, 79, 15B,,178. 
i Fray Bentos guano, 274. 
j Free phosphoric acid, 75. 

: Frigatte Shoal guano, 51. 

I Fuel used in drying supernhosphate 

I 13 ;. 

! Fumes from mixer, condensing, 71,. 
! iii-s. * 

] — — meat boiliDg,.0on(lensinK, 272-3. 


F. 

'^alkland Islands guano, 56, 57. 

^annge of raw pTiosphates, 64, 

'anning Island, guano, 41, 46, 51, 58, 
50. 

'ansfef superphosphate dens, 111. 

’at, bono-extracting and bleaching, 
182.f. , • 

'eUTtnann’s steam still for ammonia 
U(}Uor, 2^7. 

''elixtowe coprolitoH, 27. 
i'elspar, electrolytic extraction of potash 
from, 840. 


Gafsa pliosphates, 87, 60, 61, 85, 
Galafalitc, 341. 

Galician bat guano, 51. 

— phosphates, 28 . 

— potash deposit, 337. 

— salt and po&sh deposits, 316. 

Gard and Ardeche phosphates, 23. 

Gas liquor, 231-50. 

— Mond’s, 235, 254. 

— purification waste, 256. 

— Siemens’, 235. 

Gault Clay, phosphates of, 17, ‘23. 
Gelatine, extraction of, from bones, 
182, 1H4. 


•’ernando Noronjo phosphate*, 43, 5 
’’erns, potn#ih in ash of, 314. 

*’erric chloride, 13. 

— oxide, 13, 80, 140-1. 
phosphate, 12. 

’’errol guano, 304. 
rerrous oxide, 18, 206, 215-6. _ 

— phosphate, 80, 214-17. 

— sulphate, 80-1. 

— sulphide, HO * 

fertilizing value of basic slag, 21 
-- 4_ of bones, 178, 188, 278-9. 

— — of cyanamidc and nitrate* I 

291-4. «, • 

— — of meta and pyrophospliates, 

*■ l83. ' 

— — of phosphate of potash, 168. 

-of potrfsh salts, 818f 380-3. 

Filter press, 106-6. • 

T- — plefces, pitch pine, 155. ^ 

Finish'd products, hahdlii^, 357-^3. 

— »— ♦•■Rn^ferenoe, 857-78. , 

Fish guRno, 292, 806-12. * 


()-7. I George Isle phospho guano, 56, 57. 

I George’s crusher sifter, 183. 

I Ger^fian potash industry, 388-5. 
i (iribb’s furnace, 172. 
i Glaser’s process, 67. 

Glauconitic sand, 18, 28, 38. 

Gneiss, 3, 51. 

Goodrich mineral phosphates, 55. 
Graniilet, 3. « • 

Greaves, 313. 

Green manures, 292. 

— manuring, its role intho future, 306-. 

?, Grinding bones, 180-2. * • 

— rfw pjjj^phate, 86-102. 
Guanakanrpkospho guaift, 54c<)5, 
Guanape gi^no, 58-9., 

Guano, Abrolhos, 41, 51> 60, 6 
— Algoa Bay, 51, 60, 61, 3^^. 

— Angamos Island, 58-9. 

, — Angaur Island, 50^ 

— Ashmore Island, 5'k, 

— Avalo Island, 56-7- 
— Aves Island, 41. 



ND»X^ 


.375 


Guano, IJaker Island, 41. 44, 51, 00-1. 

— Ballestas, 58-0. 

— bau 51,*60, 61, 804-6. 

— Birds* Island, 51, 60-1. 

— Brown Island, 46, 51, 60-1. 

— Ca\^an’s Isiand, 41. 

— Chinol^ ftles, 58-!l, 006. , 

— Christmas Isles, 48, 6U-1. 

— Clipperton, 41, 40, 51, 56-7, H5. 

— Corcovado, 58-0. 

— crab, 310. 

— Dan^raland, 5i; 60-1. 

— Eboli bat, 805. ^ 

— Enderbury Island, 41, 5>>-0. 

— Falkland Ismnds, 56-7. 

— Fanning Islmid, 41, 46, 51. 5H 0. 

— fish,. 200, il06-12. 

— Fray Bentos, 274. 

—' Galician bat, 51. 

— George Isle, 56-7. 

—- Guanahani phosplio, 54-5. 

— Guiuiape, 58-0. 

— Howand Islands, -fl, 5'^-0. 

— Huanillos, 5 h 0. , 

— Huon Island, 60-1? 

— Ichaboe, 51, 60-1, 80:’>. 

-- Independencia Bay, 5H 0. 

Jarvis Isle, 41, 45, 51. 5s !♦ 

— Jtjpes Island, 51. 60-1. 

— Knrian Murian, 51, 60-1. 

— Ivacepede, 41, 47, 51, 60 1. 

— Leysan Isle 51. 

— liobos de Afuera, 40, 5 h.‘». 

— Ijobos de Tierra, 5 h.O, 804. 

— Los Aves Isles plio'^plio, 5i)-7. 

— Los Boques, 41,56-7. * 

— Mficabi, 58-0. 

— Makatea, 41, 50. 

— Malden Island, 41, 51, 5S.0, 85. 

— >h\iacaibo (Monkey Island), 56-7. 

— >rary, 51, 58-0. 

- MejMlone*,^, 51, 5S-!6 

- Menhaden, 810-1. 

- Monk’s Island,48, 51. 

- Ns^uni, 4^ 50. 

-4Corwegian fish, 808-0. 

- Ocean Isle, 5H 0. 

- P)»bel!^ de Picit, ^ 0 . 

- Patagoniafj, 51, 56-^ 

. Peruviaw, 51, 58-0, 85, 205-808. 

- iPoiifc Rico bat, 54-5. 

- Punta de Lobps, 58-0. 

-«41aza. 

i^Sa’danh^^y, OCTl, 303! 

P Sardinian bat, 51-3. 

• Shark’s Bay, 51, 58-0 


Guano,* Sc'mbrero. 41, 56-€f 

- Stailmok, 41-^8^. 

'Winor IslniA 5l. lip-l. 

- Vivorilla Island, 51, 54ir> 

Guanos. 51. - 

Guelmj^plsospliate, 80jf 
Gypsum, 11^*75, 76, 7 l 154. 161. 

• • 

H. 

Hair, bullocks', ||18. 

HKlleacourt phoKjiljalcs. 14. 

Hanling’s process. 172. 

Hard rock pliosplmtc, 88. 

Hardvillicrs pliospiiati s, 14. 

Hartsal/., 8:{5. 

Hartz Hjiatitc, 52, 58. • 

Ilanti's MHrnc phospiiates, 1*4. 

ILivana phosphalt-s. 54, 5-5, * 
Ilclinstcdl pln>Kphorili', 52|58. 

Hens' dmig, 205. 

IlcyniRiin and .Nitsch’s process, 127. 
Historical rcvit‘\v, 6'.t-74, 154. 
Hndgkiiis’ pnlcnl, 67, 

Hoof ajid lann ilnst, 274, 818, 

Horde ))liosphori(c. 52. 58. x 
Horn. J02, 274-7. 

- dissolving, 2^4-7. 

. li^pior, 276, 

norn|)iths, 170. 

Howland Island guano, 41. 58, 50 
Huanillos guano, 58, .50. 

Human skeleton, 7. 
iliiniiiK. 144. 

Hmigarinti bat gusiio. 804, 

Hnoii Island guano, 60, 61. 
llydrogdi s\il|))nile, 250. 

I. 

Inline’s putent. 66. 

(dnibue guano, 51, 60, 61, 803. 

chlliyScol, 82, 

chlhyosaurus, 25. 

mports of guano, -50. * 

nd^s'iidencia Bay guano, 5P-0, 

ndian ixifasTi dejijhils, 337. 

*udin(? in pliospliHtes, 70. 

— in hilrate, 224. 

Ipswich coprolite.s, 54, 55. 

Iron acetftes, 18, • 

— and aiumina, phonphaltR of, 80-2 

. 185.158. • 

— oxide,^, 

^^phospRate, h^^lrated.^HO-it 

— — o(* 12, 13, >^0, 214. 
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Iron j&lpba^ QO'l. 

— sulpbi le, 80. c 
Brvine’s furnace, 172. 
Is^re p}fo6p)^tes' 23. 
Italian phospl^AteB, 52-3. 
pDti^ib 3H7. 



farvla Island g^no, 41, 45, 51, 58, 50. 
law-bfeaker milU forr^aw phosphate, 
DB,,00. * 

Fom»B Ifttand guano, .51, 60, 61. 

Fiordan phosphorite, 60-1. 


i Lime, phosphates of, 10. 

I Lobos de Afuera guano, 40, 5ft, 50. 
i Lobos de Tierra guano, 58, 50, 3^ 

I Logrosan phosphorite, 54, 65. 
i Lob Avcs Isle phoBpho guano, 66, 57. 
i Los Iloques guano, 41, 66, 57. ^ 

i-iron phosphates, 56V’. . 

! Lot phosphates, 22, 23, 62, f .8." 

.! Lunge’s ammonia still, 244. 

Lutjens’ superphosphate drier, 128-32, 
141 .^ 


[ liyme IlegTs phosphates, 25, 


M. 


Kfti.ntt, 32ir 

K^sevit, 020. 

Soot^ furnace, 280. 
i^la^rs’ bones, 170. 

injector, 224. 
I^A^d^upatiie, 52-3. 

Bri^^'ball mill, 88-05. 

^h.«)l ttotash (sunlhmer), 

urian guano, 51, 60, 61. 
Kursk phost'horit-., 54,^55. 

V L. 


4131, 335. 


, 347. 


i Macabi guano, 58, 50. 

Magnesia, 78, 211. ^ ♦ 

! Magnesium and potassium double eftr 
bonate, 327. 

1 — — — —. sulphate of, 326, 330. 
i — carbonate, 110, 232-7. 

: — chloride, 151, 317, 310, 320, 324. 
i — phosphat:-, 12, 78, 151, 211.^ 

! — sulphate, 110, 310, 320, 323, 327. 

I — totiapli'osphatt:, 211. 
i Maikopp potash factories, 340. 

• Maize, po‘a8h*in ash of, 314. 
i Makatea guano, 41, 50. 

! Malden Island guano, 41, 51, 68, 69, 
85. * 


taoepodes guano, 41, 47, 61, GO, 61. 
Lahn phosphorite, 52, 53. 

Lair’s, de, ammonia still, 2-48. 
Lambert’s dr;jer, 125. 

Laraing^’s mixture, 266. 

Land j^bbles, 36. 

— {hosphatefi, 86. 

Landi’s method, 173. 

Langbeinite, 337. 

Langesund ohlorapatltc, 52, 53. 
Lavanthal pliosphorite, 52, 53. 

Lawes and Gilbert’s experiraeiits, 232 
Lead.lined vessels, 107, 156, 167. 
Leather, dissolving, 102-3, 277. 

— grinding, 192. 

— i^avipgs, 277. 

— waste, 102-3, 2777 
Leysan §jle*'guano, 51. 

Lias phosphates, 20. 

Liebig’s theoryAl54. * 

Liege phosphates, 25, 52, 53,|85. 

LiauH(U8 ,4 

Lime, milk of, 196, 2.41 'aid. 248-9. 

— ni^t^ 2H7. , ' 

— nitrogen, 285. > 


' Miilogne phosphates, 157, 

1 Manures, compound, 146-53. 

\ — mixed, 146-53. 
i Maraeiibo guano, 66, 67. 

Marne phosphate, 18. 

MarteJJ.ine, 320. 

Martin’s process, 66. 

Mary Island guano, 51, 58, 59. 
i Meidows, manure for, 144, 152. 

; Measuring tank acid, 107. 

I Moat meftl, isy, 270-4. 
t Mejilloims guano, 47, 5^, 58, 59. 
i Meqhaoen guano, 310-11. 
I'Mettiphospliato of lime, 133. 

{Metaphosphoi'ic acid, 0, ljj|, 157. 

I Meuse phosphates, 18-10. *' « 

Mexicap. ph^imhates, 70. 

I Microbicido, ^^pKatic peaikas, |69. 
! Mills for grincUn* bones, 180-2. 

I-raw^osphates, 86-10' 

I Minerva Isle guano, 41. « 

! Mixed manures, 146-53. 

! Mixer, Buperphoephat^l07%^00 
I Mixing triads, 82.* \ 

Molasses, fermentation, 282. 

! — potash fijpm, 348. 
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MoUer and Pfeiffer’s drying machine, 

12t>. 

Mow Isle^uano, 41, 5t>, 57. 

Mo^id phosphates, 11, 12. 

Mond gas, ammonia plant, 235 (1. 
Monkte Island'guano, 43, 51. 

Monocaleic jhosphates, 10, 11, IGC*. 
Monomeft^ylc orthophosphate, W. 
Muriate of potash, 320-32. 

N. 

♦* 

Napht%nes, 82. 

Nauru guano, 41, 50, ' 

Navassa phosphates, 42, 51, 50, 57. 
Nettles, pota^jwn, 314. 

New York apaufr, 54, 55. 

Nitrate of ammoni*, 221, 201. 

— of lime, II. 2H7, 202'. 

— of manganese, 22H# 

— of potash, 227, 31.3. 

— of silver, 221. 

— offloda, 221-0, 202. 

-— l)oiling-point of solutions, 

227. ' 

Nitrated .phosphate, 151. 

Nitrates, direct production from air, 
287. 

Nitric acid, 221. 

— from aninionin, 201-3. 

— nitrogen, 278. 

Nitrogen, ammoniacal, 278. 

— nitric, 278. 

Nitvogenized phosphate uianureH, 205, 
Nitrogenous manures, 221-05. 

-composition, 31)1. 

Nitrophosphate, 151. ^ 

Nitrous sulphuric acid as solvent for 
leather, etc,, 103. 

North German potash deposits, 335. 
Norwegian apatite, 27, 7(). 

— tis\j guapo^OH-O. 

. 0 - 

Oakitiltcr jfftess frames, 155. 

potash in ash of, 314. 

Ob^s, ex^riment^n. 1#9. ^ ^ 

Ocefci Isle phosphatHl, 58, 50. 

Oise pbos^htfle, 14. # 

^nta^ apatite, )-}0, 54, .55. 

O^amsm, function of 
Ortboph<^houpt acid, 10, 132, 137. 
«jifVille 0noa|^tes,#14, 15^ 10. * 

Ossein, I’JJr 

Osteolite. 62-3. • 


Ottawa apatite, o4. -j.). 

Oxygei^ted com^i^ds of*p^osphorus, f 

’ ^ •” P- ’ , 

; Pabellon* do Pica guanrJjtjH, 50. 
Palesti%e ^lmsphoritc^^^O-1. * 
l*arker’s parent, 172. , 

Prts do Calais pljosphutos, 14-18, 62 
’ 53. 

Patagonia Knst Coast puano, 50-7. 
Patagonian gue/io. 51, 50-7. \ 

Pauling furnace, 280. 

Peace River plio.-phates, 35, 30, 54, 56 
85. , 

Pchhie phosplmles, 85, 1)10. 

Peine coprolites, 52^ 53. ^ 

Permian Naiuians, )1. , >/ 

Pernes phosphate basin, 14.\ **• 

Peruvian guano, 51, oH.fK 85,j>05-f 
Peteriuann's prctcess, 07. ^ 

I'feifferV hall mill, 05-7. 

Phu*nix Isle giian<),.41, 58, 50. 
Phosphate nilraled, 151. 

— pre(!ipitale<l, 105^8. 

Pliosphates. iu.id requiieii loyli,sB4i^ 

— drying and i nrichmenl. 02-8. 

- geologieal I’.istribution, 51. , 

— of iihuniim, 13. i 

— — aniinnnia. 11. 

— — iron, 12. 

— — lime, 10. 

— magnesia, 12. 

— -- sodium, 11. 

— raw, desirription amf gi«c 4 ;raphii> 

distribution of <l<.iioslt«,’i-4-0L 
Phosphalio mamnvs in soils, 14)1.^ 

— peat, lOH, 

j Piiosphognanos, 40, 51. 

! I’hoHphoric a(;id, 1-13. 

— — in animals, 4. 

.•manufacUirc, 154-7. 

— — plants, 4. 

— — soil, 4. 

— Anhydride, 0. 

Pht)aphoril*.‘> Russjjiu, 28-0 
Phosphorus, 1-K.^ 

— ir^nufacture, 170 5.^ 

~ oxygenatfxl compounds, .. 

— I»rop'rties, 7. ^ 

Pigeon dung, 205. 

Pine, potash in, 314,» 

Plate rock, -‘Mv * 

Uum tr^T \voo<T 155. 
lBodolji^'pho.sp\^es, 54, 11 %, 
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Polk io. d5. 

Pollen, phol^oruiUn, 6. 

J’oljfcftlitc, HIU, HH'j. ^ 

P<Vto Pico bat gQano, M 5. 

Portugal a^ite, JIO. 

Port Royal ph^hate, 54, iV 
Potash^rom alulite, 3^% ' 

— mineral sj^uroeB, 

-sea-woedn, 349-54. 

.-wood ashoH, 347. 

-wool-scouring waters, 

— salts, 31()-50. ^ 

-Russian, from sunnower, 343. 

Potassic manures, 314-5(). 

Potassiu^n and magnesium double car- , 
bojiatt?, 327, 330. 

^■ sulphate, 323. 

— -phosphate, 329. 

-^'l^rbojjitto, 327, 343-7. 

— chloride, 320, 332. ^ 

'f27, »is. ' 

— pho.sphate, 137- 

— silicate, 329. . 

— sulphate, 323, 328, 329, 330. 

— superphosphate, 132-3. 

J^iOipitated phosphate, K5. 

~ ^anufiwJture, 37, 195-8. 

Principal phosphate deposits, 14. 

Pucrta Uic(? oat {!^an(),/">4, 55. 

Pump lor phosf^horic acid, 157-H. 

^ecipitatcd phosphate iilter press, 
197. 

Punta de Ijobos guano, 5s, 59. 

Pyrenees phospliates, 23 
Pyrophosphovic acid, 9. 

Quercy (Lot) pliosplmtes, 22, 23. 
Quick-spood bone crusher, 181. 

R. 

« 

Rata phosphates, 41, 43, 53, 57. 

Raw materials, handling, 357-73. 

-‘transference, 357-73. 

Haza Island guano, 53, 57, 

Re^^?^/ft«.~.'s patent, ??1. 
Redond»i^vlM^phate, 53, 57. ^ 

-UMi'zation of, 134-5. 

Reduced phosphates, 152. 

Reeds, potash in** ash of, 314. 

Remover, automatio, of superi/tosphates 
'from deit, 114-20. • < 

Retrogvadation i iulica^‘r, 13?V «■ 

— (redaotlj'ii) of phVphatcs,'137. f ' 


River pebbles, 34. 

— 4 )hosphate, 34. 

Hocks, primitive P._.Oji in, a. 

Roller mill toothed for raw phosJPJ{atea, 
99-100. 

-double for raw pho8phat%?, 100. 

Russian black earth, Tck^:mo Sem^ 6. 

— phosphates, 28, 29, -54, •'^51 

S. 

St. Martin’s phosphates, 51, 56, 57. 

Sill ammoniac, 31.3. • 

Saldanhf Ray guano, 60, 61, 303. 

Sale of raw phosphates,«!>4. 

Salt, common, 316, 324. 

— lakes, potash in, 3ff^. 

Sardc bat guano, 304. ^ 

Sardinian bat guano, 51, 52, 53. 

Saurians, 4. 

Schivrff’s patent, 129. 

Schlaggenwald apatite, 52, 53. 
Schoenite, 319. « %■ 

Schonherr-Hessbergor furnace, 288. 
Scihucht’s ^>rocess« 66, 137. 

Sea-fowl excrement, 295. 

Seal guano, 304. 

Seed, phosphates in, 6. 

Setif phosphates, 39. 

Sfax phosphates, 60, 31. 

Shark’s Ray guano, 51,58, 59. 

Siieet rock, 34. 

Sidney Island guano, 41, 58, 59. 

Sieves, 104. 

Sifting machine, 104. 

Silicic Huoride, 112. 

S^'kwfr’m litter, 313. 

Silurian tish, 3. 

Simpson’s patent, 35. 

Skin debris, 177. 

Slag, basic, 144, 199-:22(). e 

Slow-speed hone crush^ 180. 
Sodium^nd ammonium pKbsphates, 11, 
. ; 12 . 

— phosphates, 11, 12. 

Jii'jft phosphate, 34. ♦" r. 

Soil migration of phosphoric acid in‘,S-4. 

— supe^phoCfijates,become k^olulje in 

the, 143. r * 

Soluliility of pH^sphates soil, 143. 
Soluble phosphates, 75. 

Sombrero phosphate?, 41, 56, 5?.' * 
SC'nme phosphates, I'M^, 33, 8 

Sorting raw phospl\atesH34.^' ' 
South CarofiDK phosphatebi^31, 54, - 
Spanish nhosohates. 5. 52-5. 



INDflX . 


383 


Spani^ potaslfdeposits, :137. 

'■Jpei^t bone char, 114. 
p wasH,* utiJi7.jition, 2>i0-4. 
mill, lOX-2. 

itarbuck lalaiul guano, 41. om, 5!). 
Itarkei^aeh coprolitey, .52, 5:1. 
itassfurt salt^ illo. 

statistics, idTO<Uiction of supcjiphos- 
.phatcK, f j-). , 

Steam stills for amiiionittc-Hl lii|iu)r, 
247-50. 

Steamed bone dust, 85. 

Stercorilli, 12. 

Struvite, 12. 

Suffolk crag. 2i).#' 

— oopiolites, 20, 27, 5-f, .5.5. 

Sulphate of anTWHsiua, 2():{, 2!»2. 
Sulphophosphates, lOO-H. 

Superheated superphosplmli', 1:52. 
Superphosphate, basis of sale, 141. 

— bone, 190-2. 

— ammoninted. l lT. 1-52. l-5:h 

-potash, 102., 

-^dens, lOH-11. 

— drying, l^-STT 

— grinding,^). 

— historical review, 0'.».74. 

— manufacture, 8b-118. 

— mixing, 107-11. 

— prQrf,nction of, 14-5 

— retrogradation, 187. 

— shifting (mechanical), 114-20. 

— sifting, 114-4.). 

— .storing, and retrogradation, 114. 

— superheated, 182. 

— theory of manufacture, 75-8-5. 

Swan Islanil guano, 51. •• ^ 

-Syenite, phosphorus in, 8. 

8ylvine, 817-87. 

Sylvinite, 817. 8lH. 829, 880, 885, 887. 


^Tallahasee phosphates, 51-5. 

Tebessa phosphates^HH, (»0, *il. 
'TelG 08 %urus, :♦>. 

Teiiffbkscc phosphates, 8b, 54,55, H5. 
Testigo.^ jjjjgyphates^ol, 5^57.• 

■— iro»phosphates, 5b^. • 

Thonnar and ^xton’s |p(ent, bb. 


Timor Island guano, 5l/(S0, bl^ 
Toothed^ller mill,.99-1021 f 
ToiimnillWphosid^iW, bO, bi. 

'Birti^a guano.JWl. # 

Toxie fmnos, removing. Illil2. 

— gas eofidcnsers. lll-^ 
Tribasic^dyospln^' of a^ionia,*!!. 
Tricrtleic plnW|^tes, 11. 7o-8.5. 
Triinetalli(? ortliophospf ate, 11. 
Tnkillo phosplialcs, 51, 55. • 

Tunis phosphates, 87, bO, Til. 

Tunisian potash l^i-posits, 889. 

* u. 

rnitrd Stal< s ^otasli di'posit-.. 

I'riiic, amnioma from, 289 ' 

V. 

Yassi-nx fcrmeii^lion pro®‘ss^..^^, 
covery of ainmniiia fiofli fponl 
wash! 281-2. f 
N’amdusi* |(hosphorit(‘. 52, 58. 

\'ct(dn's. potasii in ush’of, .811 
Vine, potri.sli in ash of, 814. 

\ilroli/.c'd hones, 191-2. 

Viv^irilla Island guano. 51. 51.'55. 

\W. 

Wagner’s irsenivlies on iiHsirsiii;j, mn 
i Wales ])hospliate, 27, 51, 55. 

1 WiiKsci Ii Ih'm p1^s})l;orih-, 52, 58. 

J Waste pri)duets, inversion into manure, 
I 2b(i-79. • 

West Indian phoslpliates and )il^)Hi>ho* 
giuuios, -51, 54-7. 

Whale guano, 819. * 

Wheat straw, potasli’iti ash of, 814. 
Wilbiw,'potash in ash of, 814. 
Windw.ard l.sles, phosphates, 5b-7. 
Wing’s groecKs, 171. 

Wiiisiiiger's patent, «i5. 

; Wool, WHsl<! lags, e-tc., 19.8, 27b. 
Woroneseh phosphate, 51, 55. * 




AIJKKUfcfciH : int. o^|iv|:.usii i «-nr..^7i 



BOI^E .rtlODUGTS 

' and 

MANURES. 

■N Acc3»unt ^;^thf.CMost Reckut Improvemeni^ jn the 
Man'Jeacture of P’at, Glue, Animai, Charcoal, 
Gelavine and Manures. 

B 4 ,,THOMi 4 LAMBERT. 

SECOND REVISED EDITION, 

J ■ 4 ’ ‘ 

»:my 8vo. t72 Page,s. With 17 IllJjstkations. 


r^. .1 CONT'KNTS. 

fi’j.Rt products. Chapters I. The Theatment of 

ONts.-^ ApimfJ Charcoal—Marrow Bones. II. Glue.— Size. III. 
rELATiNE.-YSkin Gelatine—Bone Gelatine—The Testing of Glii s and 
relatines. 1\'. Uses of Glues, Gelatines, and Sue —Soluble or 
.icjuid Glues—Steam and Waterproof Glues. , *' 

Part II.—MANURES. Chapters V. Soils and Plant Life —Soils 
^'{lant Life. VI. Natural Manures. VII. Artificial Manures, 
:aw ..ND OTHER PHOSPHATES, BoNES.— Mineral Phosphates—English 
■opreiilea.I Guanos. VIII. Mineral Manures, Superphosphates, 
Tc.— Sojjium Cnloride-Potash Salts—Calcareous Manures—Mads— 
ulphate of Lime or Gypsum—Prepared Nitrogenous Manures—Ammo- 
ium Compounds—Sodium Nitrate—Potassium Nitrate—Organic Nitro- 
enous Matters—Superphosphates—Special or Mixed Manures. 

Part HI. Chaphti IX. Analysis of Raw and E'inirhbd Products.— 
I) Common Raw/.Iones—( 2 ) Degreased Bones—( 3 ) Crude or Unclarified 
a<—(‘lV Refined'Fat—( 5 ) Degelatinised Bones—( 6 ) Animal Charcoal— 
Bone Superfthosphates and Mixed -Manures—( 8 ) Special or Mixed 
lapures—( 9 ) Nfineral Phosphates-a-tio) Guanos—(ii) Dried Animal Pro- 
ucts ( 12 ) The Potash Compounds—( 13 ) Sulphate of Ammonia-—C ia) 
ihili Saltpetre. ’ 

International Atomic, Weights. 

Table of Factors for Determining the Equivalents of WEiouRn 

lODIKS. . 

Comparison between .he British and Metrical Systems. 

Table of Thermometric DEGtiEESs. 

Tanks and Cisterns. “ 


APPENDICES.— A. Evaporation IN Vacuo : Description of a Vatfuv-.Ti 
‘.yiNE . Compai.jon betweeiuFiench and British Gelatines. 

...Til ♦e ^ ll 

•8s. 6d. NET (Post i^ee, 9s. Hoi^e and ^Abroad). 


SC'OTT, f^Rpi^OOD & 

s'BRQAj-V'Alf, Ltf.D'feATE, LONDON, L,C.' 4 . 








CHAPTl^R r. 

J'HOSPIIOItIC ACID. 

Ilhtory ,—TK\iv«liscovt‘rv of phosj)hori 4 s is (lu(‘ to' the aiblK'niists, 
III 1G()9, Brand, a Jlaiiihur^f iiunchanL, searching l‘®r the ])hilo- 
sopher’s stone in human urine, discovered'an inttu’esting suhstanci^ 
which he called pfioKithonis, i.e. a light heai iirg suhstance, luminous 
in the dark. All tlie })hosphori known up to thh.t time- and there 
was quite a series of tluun—to Ixicome luminous ma'diMl pj-evious 
(ixposun* to sunlight, and yt‘t their luminosity soou vanislied, wliilst 
tfte new suhstance* e'mitted light s])ontaneous]y, and pri'served that 
]jroperty ])(U'manent]y. It was, theri'l'ni-e, ternu'd plKi.rjthoru.s. 
I^>rand ke'pt his process si'cret at least for a tinu*. hut it is stated 
that he sold the s(!C)-et lo Ivi'aITt, who inij)arted it !o Kunkid, yp 
Berlin chemist, wlio descrilH'd the mirthod ol ])r<*paration. In L0«S8, 
Alhinus e.xtraoted jihospliorus from mustard seed ;ind cnvss s<.*ed. 
Thus within a lew yeais phosphorus was found in hoth ;^ie animal 
and v<^getal)le kingdoms without, how(*ver, anyonr- di'^-aming of its 
connexion with inoruanie naturiu According to/Jie eosniic tln'ories 
of the linii'S •-his ^uhstanci^^,l^vas held tq lx; the product of other 
suhstances, or even the result of s))untaneous gi'ueration under tho 
inlluence of ill-di'lined vital I’orci's. 'riuy scientists of tin* tinu' hiM 
not y(‘t distinguished the chemical eleimmts, the very sinq)k' tlu^ory 
of whi^h was destined in the* future to fcrniidi the veiy hasisjof the 
science of these products. ' o •» 

It is interesting, however, to ohseiA’e. that frer ])hos])horus vuis. 
prepared and (‘xamimal din ing s<;venty years without its compound 
with oxygen, phosphoric aci<j,>froin which it had h(*(‘n isolated and 
to which it so easily I'civerts, being known. IdiDspliorie acM wcai.^ 

discovered till' 1743, iVy Margraff, who jiScertrined its exact 
nature and succeeded in rii-converting it intopliOiplioi us hy caleinii,>g 
it with charcoal. In I7()9, Gahn, a 'Stviulish cfumiist, lound iKis 
acid in bones, and a few years Schei.-Ai, his countryman, 

published a process by which phosphorus could’he ext;acled frori.' 
bones, which is still used in Hs mnin features.^ Ten Vears after the 

^ Sehoede was by birth a I’rutjsiaij. S<'.e St:lu;(‘l(..’s‘‘ Clu’mical fCsHuys,” Scott, 
Greenwood & Son. 
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discover)' of phosphoric acid iti Ijones, and more than 100 years 
after the first prejgiration of phosphorus, Gahn found this sui)sti|nce , 
in the mineral kingdom also, viz. in lead phosphate (pyromorphite) 
VaiKjuelin and Klaproth soon afterwards found phosphorh^eid in 
apatite, that beautiful mineral, met with in large maase% ihe com¬ 
position ofM'hictt^s analogous to the mineral constituent of bone. 
S;)ch briefly summarized aie the chief historical facts regarding 
the discdvery'bf phosjrhorus and phosphoric acid in the three king¬ 
doms of nature. Kinco those times chemists have continued their 
investigations ; they have seai'ch(!d for this sul)stance everywhere, 
and have found *it more widely disti'ihuted as analytical methods 
have beeh irnprhvcid. Its presence in urine and in^Dcffies led to the 
assumption ihat it might he ])resent in all the fluids and organs of 
man and animals, and vf^ry soon this was found to he the case. It 
was found in all plants and in all their organs. It w'as thenceforth 
recognized that tlTe phosphorus contained in the body of animals 
was of vegetable'origin. But from whence do plants derive this 
substance? The answer to this was sought for a long 

time. Even up to the middle of the eighteenth century, whl!n 
scientists like Saussun! (1710-1799) and others were led by simple 
logic to seai'ch for phos])horic acid in the soil, agronomists per¬ 
sisted in regarding it as derived from other substances, since veiw' 
little of it was found in*the soil, and this little might very well be 
brought‘on to the land by farnn ard dung; However, improved 
analytical*m(!tbods gradually elicited tlu! truth. 

*■ Oriiiin rti’d fjistrihuiitm of Phosjilinric Acid in Aature. —If it 
he interesting for'Uie farmer ami th(! chemist to fallow* the migrations 
of otie constitufuit of tlu air, and Jlu curious^phertomena under 
the influence of which the molecule of nitrogen becomes succes¬ 
sively ammotiia or nitric acid^, then vegetable organism, then finally 
muscular libre, it is none, the less instructive to follow the raigra- 
tiops 6f the molecule of imosphorus. Let us endeavour -tg grasjj 
these migi-ations, and* to TraciT them, starting from the point of 
oidgin of phosphoric acid, i.d. tVie presence of this substance in the 
primitive * and crystalline rocks. The analj'sis ol the primitive 
rocks, and of the metalliferous v'ciMs. which the\' contain, proves 
that phosphoric a(#id is almost always one of tljfiir constituent ele¬ 
ments.' Assttciated ivith lime, the oxiifes of iron, manganese, It^f^ 

1 The two lucii of science who stuitieU tiie^iiuest^on most profoundly weie 
T'orohanimer of CopeniaKen and Stockhardt of Germany. The latter found 
jhosphoric aeid in ssverai rooks in which it wa.s lielicved to be absent. The 
percenta|l|«s ot pJioBphoric found in different rocks are piven in Table I. opposite; 
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and copper, this substance constantly reveals its presence to the ex¬ 
pert chemist who makes a special search for i^. The proportions 
present are most often very minute, hut tlfiit is a matter of tittle 
impcH*ai'ee since plants have a marvellous faculty of freeing from 
the soil tjie principles necessary to their develop^nent. And let us 
remark with Bohierre, “how everything haiif^on a*chain to ex- 
jTtain to us the distribution of phosphoric acid in our i^'ops. Lel^us 
go back, in imagination, to the origin of things. To thhse great 
natural phenomena, all the traditions in regard to which are in ac¬ 
cordance with what geology reveals to us of these gigantic phases. 
The igneous rocks contain phosphoric acid. The"disintegration of 
these rocks*i«der the combined injliience of water, air, heat, 
and carbonic acid, soon favours the physical divisiort of the rock 
masses. Vegetation develops, vivacious,*liixuriant. immense, ac¬ 
cumulating at the same time both carbon fit)!)! the atmosphere— 
which it is to return as coal to far-off genemtions and phosphates 
which its organs, immersed-in a virgin soil, assimilate to abandon 
later in a (hie state of division on the surface of the soil. And 
ift an energetic, active, incessant niediiini of this ])rovideiitial dis-, 
tribution, the animal world superveiu'd with its ]:owerful cajiacity 
of condensation of ])rinciples, rich in phosphorus and in nitrogen. 
Thus it is that vegetation supplies phos])hi]jJes in a readily assiinil* 
able form for the alimentary needs of new mdividnals. mole¬ 

cule of phosjihoric add is no longer the inert crystallim'^portion of 
the igneous rock, it is no longer the mineral fnimework of ^le 
plant, it is the osseous substance of the animal,,it is both its 
skeleton and its th'^'n, its nervous fchre, and its^-ntire, being. Our 
ideas of the (flgamjm and «fy)hosphori*s are inseparable the one 
from the other,” , 

The beds of the ilifl'erent geological fomnations all cftntain fossils, 
more or less rich in phosphoric acii^. ,The Cambrian yields 
I/uiulifjes and DiscetiideA, foreruniiei'^ ftf tlie Hr(U-kio]i()ds,*\\\ose 
calcareous shells were cgmparativdy rich in i)hos]ihoi1c acid. At 
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a later pei'iod vei'tebrata appear; first, the Silurian lish, then the 
saurians of the Ca’-boniferous and Ifermian, and finally, the birds 
(Jurassic) and rnammiJls (Trias), the skeletons of which form the 
principahelenients of the accumulation of phosphoric acid, ^'-'Idus 
the soil of all ])eriods may contain phosphates, hut they are not 
found in laVge (ju^ntity except in certain formations and under 
peculiarly, fayourable circumstances, which we vaguely perceive, 
but of which if is impossible to give a really satisfactory explanation. 
The solution of phosphate of lime acid hy rain water, charged with 
carbonic acid, traversing the superficial layer of soil covered with 
vegetation and thus rich in humus, its entrainment into the suljsoil, 
and its accuinidation in the subjacent rock, by loss Marbonic acid 
■—such seenik to be the genesis of phosphate deposits. On the 
phosphate beds so formed new layfU’s of phosphates were deposited 
as soon as th(! cavboiiic acid acting as the solvent had set free 
sedimentary jjhosphates. When the solution percolated into 
hollows it formed pockets. The carlionated water could even con¬ 
vert already formed phosphate into a special form, for example 
that of vitreous staffedite. Noduh^s wei'e formed when the rock to 
which the phosphoric acid was cotuhined was deficient in consistency, 
or had Irecome porous, for example owing to the upheaval of the 
fleposit, tlu! dilTei'ent portions of which were washed and r<‘nioved 
by water, thus rounding the fragments. Nodules may again be 
formed by th(! fixation of phos})hate of lime round a nucleus, for 
ex,ample around grains of sand swimming in thi‘ solution on the 
impulse of a crystal growing in an appropriate-solution, or organisms 
or even bells of gtis rising in 'the solution drawing to it particles 
of the saint! naturt! as its elf. I'inally, another, hypothesis of the! 
formation of nodules is that precipitated phosphate of lime had 
been gradually reunited into compact nuclei hy water through the 
intervention of piebhles of silica. Apatite was the first pihosphate 
formeA by the crystaHixiiyion of the incandescent rocky 'ipagma. 
Its crystalline form is hexagonal. .4s it cooled slowly, the mass 
of liquid apatite formed crystals of different sizes, varying from 
capillary needles, scarcely visible, up to 12 in. in length. Their 
interior always assumes a lamellap structure. Apatite is found 
tViassi-Ie, with this'fcrystalline structure, or even compact and mas¬ 
sive when it isi'embedded in basalts. But compact massive apiati^e 
ir, practipally indistinctly crystalline apatite. Bseudo-apatite is dis- ' 
integrated apatite. All these forms of pJiosp'iate, from the crystal¬ 
line fornx to the am d-jthous, from isolated nodules to rock phos])hate, 
Ire derl ed from an identical origin. Summing up, phosphoi'ur. 
existed in the beginning of things in the primitive rocks. It has 
become .more easily assimilable in virtue of its distribution in 
sedimentary and tramiported soils; vegetables have absorbed it, 
then they have given it up to the animals, which have condensed 
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iml accumulated it in numerous points ot me ^lohe. Let ns noUi, 
vvi|h l^uckland, how astonishvi^^ it is that tin- l^uiman race sliould, 
for so many centuries, have remained ij^nc^ant ol the fact that a 
:iOnsi^rable portion of the surface of the ^lohe was fornii'd by the 
:lehiis of^ the animals which inhal)iled the andent seas. Tliere 
L^xists, according to the same author, vast pl^iyVs ai«l enormous 
mountains, which aix; merely, so to sjieak, tlu^ (diarnel houst's^of 
preceding generations, in which the ])etritied ddtiTs of extinct 
ininials and vegetables are piled u]) to form marvellous momimeuts. 
These monuments attest llu* work of life and deat h during inealcul- 
ihle ])eriods. Luvier, appreciating thes(‘ curi(fus natural phe- 
lomena, (hiAi^ed that the sight of such a s]K‘claCle as fliat of tin* 
lehris of lih; loriniug almost the whole of tin* soil on \'^hich we tread 
ippeared so terrible that it was diHicult fov him to concimtrate his 
magination on the causes which have jiroditcrd such gn^at ef'leets. 
These effects, so U'rrifying to the g<'iiius of (’uVicr, are rc'ally otdy 
,h(‘ result of one and the* sanu' cause; -an etlicieiit cause*, wliich is 
ionfirmed under tlie; most elive*rse; conditions, and in all latitiale's, 
vvith a wonderful unity of eU;sign. f*)idy the; Sovei-eign Master of 
Idfe and Death eonlel accomplish such wonders. 

Let us now try to find the* amount of ]»lios))h()ri(; aciel in different 
nedia-“-phosphoric aciet in the soil, in plants and animals. Ahoi»t 
die time.', whe'ii Hi itish agronomists ' W(;re (;x])loi ing the; de]»osits of 
i)hos])hate‘ of lime; of Mstiumaelura, it was dise.overe'd, in Surrc'y, 
dial t he* use of ground hones, anel other siihstanea's riedi in*phos])honc 
iciel, ])roduced no lameiicia! I'esiilt wh(*n applit^d Uj soils, li'itile 
.-eiiougli in thems; •I. I'S, tin* subsoil «>f which he-l^tigeerio ce*rtain de;- 
posils of llu* lowe^r and U)irf]:«e'r (Jre;(*ns; 4 iid. This leel to the; su))- 
position that pliosjihaie of rune*, whicli is^ one of tin; feertilizing 
xmstituents of ground honi's. is natuially jiresent in*tln*se soilf in 
■iutlicie'ut proportion. i\lr. d. (!. Ne'sh^t, an e-xjM'it chemist, im- 
ine'eli^U.'ly coUccteel the soils anel rock*; ol* these elistricts flo as to 
isce*rtain the; cause; of t^mir fertility. *.'\mo«gst others* he receiveMl 
Vom Larnham samples of a fertile; fnarl, situat<;d on the; properly 
Df.'Mv. J. M. Paine*. A i-ajiid e;xamination showe-d the jin;;*euco, in 
dicTTnarl, of an unusual amoywt of ])hosphoricaciel, ami in November, 
1847, he infoiniej Mr. Piijne* of this eliscover\%’ I'Vom tlfis iiuyl 


* ' This very cviele'iitly ivfcr.s to Dr. J))Uil)cn^, \\4it) •iis|iri;tc(l ainl reported on 

dieso deposits (Kstriinmdum) in 1S4){. Hi** report is printed in tlnj4‘JoumaAof 
the Royal A^'vicultnral tfleciet^^of Kiij^land,” Vol. V,'i’art II,—Tn. 

Mr. Tainc himself, in eonjunctiem with Jhfifc'ssor Way, the; ohemist 
M the Royal Af'ricultiiral Society of England, in 184S pTil)lishi:d*tli^i roaults^d 
their combined elaborate r«‘seai’ch(;s ^on the; pliosphoric stfiita oi the chalk 
[onnation in a paper in the “.foiirnal of tlje Royal Agricnltnral So(n(;ty of Eng¬ 
land,” Vol IX-Tart I, pp. o6-81 The reader is reined to this nieaioir; 8u|licc 
it to mention nere that the marl contains nodule much richer in ph sphate 
>f 1 ;ne tlian the marl in wliicli tliey are disseminated.—'IT;. 
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28 per cent ol phosphoric acid, corresponding to (iO’OV of phosphate 
of lime, was extracted. The general,mass of the marl contained 
2 to 3 per cent of phosphoric acid, equal to 4'33 to 6'5 per cent of 
phosphat^. It will be seen that in presence of such a projatfrtion 
of phosphoric acid the application of phosphatic manyres was 
quite suporfliuous.' ,,In the Tchermn Hem, so fertile in Russia, where 
•from time immemorial the highest yields of wheat have been oh'- 
tained withoifu.any manui'e, O'ti per cent of phosphoric acid is pre¬ 
sent, whilst mediocre soils only contain O'i ; fertile soils, 0'2 to 0'5 ; 
very fertile soils, 0'8 and upwards. Regarded by themselves these 
figures appear very small, but apjjlied to a given surface, they are 
considerable. A hectare of arable land, say 2'5 acreirt with a depth 
of 0'2 metre, ij.ay 10 in., weighs .5000 tons, say 2000 tons pei aci'e, 
and if such soil contains O'h per cent of phosplioi’ic acid that eipials 
30 tons of that acid peu hectare or 12 tons per aci'C. The diffusion 
of phosphoric acid -in aral)le land responds, moreover, to a jjro- 
vidential law, that element being as indispensalde to plant life as 
to animal life. In the absence of phosphoric acid, none of our 
cultivated plants can jjass through all th(^ phases of vegetation ; thd 
lieed may germinate, produce leaves, stem, branches, l)ut these 
organs remain attenuated, lingering, till the plant dies prematurely 
rjjithout bearing flowers or fruit. Uorenwinder made researches to 
trace the ])hosphorus in plants. Analyses of roots, stem, and fruit 
proved thl’it phosphorus exists in nascent organs w'here it conti i- 
butes to oi ganization. It diminishes proportionally in the root; 
thdij the root of b(;ot-root does not contain phosphorus after the 
maturity of the s'et;d. It is tOul)e found princiyially in the seed. 
Corenwinder found that in tjie pollen of,flowers tpere fs a consider¬ 
able amount of organic phosphoi us recovered as phosphoric acid 
in i-jhe ash of, these minute cellules. In this respect pollen is 
analogous to the seminal fluid. Saussure and, later, (iarreau. 
Professor of Botany at 'lalF*-., pointed out that the leavfis of (j, tree 
yield', on buBuing, ashee richer in phosphoi'us than at any other 
epoch of vegetation. If nowbve gradually ascend to the examina¬ 
tion of apingals, we And that their bones, their muscles, their nervous 
and cerehrtil substance, the fluids 4'f„ their tissues, blood, lu'rik, 
u{;ine, seminal flukh contain always and everywhere phosphorus in 
soVne form or otter. Intimately associated with organic substance!^ 
phosphorus abounds-in lhe..cerehi'al mass and the nervous system. 
Ohe'inay'aVmost say that it 'is‘organized.,, (lo\Jibiued with oxygen 
and lime it forms oijei of the important elements of the skeleton. 
D^.ssolved by, the atlimal fluids, it is unceasingly carried from one 
point to the other of the itidividual, anddf its total amount remains 
lixed, for e, given animal, its inoleoules nevertheless displaced by 
solvent or vital actions it excreted, then replaced by ntAv molecules^ 
absorbed by the digestive system. To remove phosphoric acid and 
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lime from the diet ami try lonoiuish an iinniuil on purely nitrogen- 
oil^ substances would lead vei;v (jiuckly to a lerniination of its life. 
The animal in this lespeet behaves like*th(^ plant (llobierre). 
Thousands of analyses made in recent years by 'Fbezard s^jow that^ 
amonj^st invalids, the elimination of phosphoric acid through the 
urine foll6^Ys a progrt'ss parallel to that of the di^Vse. .Tin; further 
the latter progresses the more does tlu* phosphate content of the< 
urine increase; in these conditions wlum tlie loss «f*subing from 
the elimination cannot be repiiired by adit't apjiropriateto the needs 
of the individual, the, human organism pi'i ishes with astonishing 
rapidity, this has led to phos^ihoric acid being .r<‘gaided as the 
vital ele!nei*.^j(/r (•■rccllcna'. According to bilii^de lieltumont, a 
human skeleton weighs, on an average, Cb kg., say U) lb., and as¬ 
suming that liuman boiu’s contain bddl •[ler cent of }>bospbat(^ of 
lime, a skeleton ought to contain ‘2'44 kg., say lb. Hut a liuman. 
body w^eighs, on an average, 7d kg., say HkVlb.; deducting the 
^s'eight of the skeleton there lemains 70 kg., say b'>4 Ih. of soft 
parts, which on incim-ration yi(4d, like ox-hei'f, l b ])er cent of ash 
<%tirely composed of phosphate of *soda. ])otasb or linn*, and 
alkaliiKi chlorides. Tin* amount of ])lios]>horic aind wliicb they* 
contain may he taken as (*(|iial to an amount of jibosphati! of lime 
etjual to HO ])er ct'iit of tlio weight of the ash, oi' to 1 5 per cent of th<^ 
weight of the soft ])arts multi])lied l)y O'H, s^y H40 grin. Th**se 840 
grm. added to the 2’-l 10 kg. containeii in hones, give a total (Tf ;b28 kg. 
of phosphate of lime, say M20 kg. of ])hosphoric acid lidO grm. 
of pure ])hosphoi‘Us. Thesis ligures show the imjiorlane.e, ot the i^lo 
which phosphoric !'(ad ])lavs in tilt* support .4l,f e on the globe. 
They ought tft teat^i us also^lo use, witi| wist* fort'sight, tin* stores 
of pliosphoric acid with wfiicli bygone ages havt! t'mlowed us, 
since, no matter what may he the iinpoi'tance ot th<»(l<^posits n%w 
known and exploited, and evtm of those whicli may he discovered 
in tht^future, they are far from being wmxllaiisiihht; hesidifi there 
is the danger of dis])ersion of phos^ih^ric acid by default of restitu¬ 
tion to the soil, which is niort* llireatt'-ning lor a luture loss distant 
than that of the tlisfiersioii of nitrogen and ])otasli. , • 

Proper lien of J*hii.'ipli(n'iis~-t (1 ] l‘li Proper! les.- TMiosphorus 

obtained by Scheele's method, i.ie by the distiWation of pb©sp!iat|fi 
of lime and chaicoal, is a ?;reiim coloured tni.nsluc%ut body. It is. 
found in commerce mainly in the lorm <>t tiTii^ks. At the ordinary 
temperature it is sof^ like wax, hrittlf; iti thi* cold. It hai^he ofloui 
of garlic. Ttsdensity varies between J-H2 and» t'H4. It is insoluble 
,in water and in alcohol, very soluble in essentiat oils, eib^r, benz^, 
carbon disulphide, sulphur chlcride, and pbnspbtu’us chloride.’’ 

>Th(' Holuiion ot jthoKphonis in ciivlx)!! <liK\ih)irKlo \v»s uscdliy the l^mh 
t’enians to burn the farms of tlieir con ilrvmen wlirt were refnietrtry to the f>au(I 
League. This sulntion evaiioratcs spontjineoiisly amt leaves phttsphorub in a 
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PhoBjjiiuiu^ iiicjts at a ternperatun? of 44‘2^ C., forming a colour¬ 
less, oily liquid ; if melted ])Hosphonis })e rapidly cooled i1^ is 
converted into a l)lack«mass with a metallic appearance; if, on the 
contrary,, the molten mass be still further heated—up to a tei^xu'a- 
ture of 250^-280'C. -out of contact with air it is converted into a 
red rnodilication S^iich, at 280" C., i‘ev»*rts to tlu‘ ordinary form, 
c Phosphorus is highly poisonous. The ahsoiption of a few centi¬ 
grammes sufiifees to produce the death of a fnan i)y th(5 excitation 
of the nervous centres which it produces. The aiitidote to phos¬ 
phorus ])oisoning is s])irits of tuipentiiu!. Th(! va])ours of ])hos- 
phorus frequ(mt!y i’es])ir(‘d induce necrosis of the hones, chiefly 
those of the face. The ordinary phos])horus imk-.y-uTy and the 
manufacture tof matches are amongst the most unhealthy of un¬ 
sanitary tnuU^s. Clic/nidUl Projjcrlu’s.- ■{‘•2) Ordinary phosphorus 
•oxidizes slow’ly in the* air, this oxidation being accompanied by a 
phospliorescent glotv, from Avhicli phos])horus takes its name. In 
the open air, (!ven cutting it with a knife will inflame it, owing to 
• the generation of heat by tin; fiiction ; that is why it should l)c cut 
under water. (Chemically combined oxygen ex(!rcises on phosphoru^s 
*tho same oxidizing action as free oxygen. Water, which is a very 
stable com])Ound of oxygen and hydrogen, is destroyed, thougli 
lalowly, by this substance with formation of phosphoric acid and 
phosphoretted liydrogen. The; transformatior\ is more rapid when 
the wat(?i’ is iisulcred alkaliiu; by caustic potash, soda, or lime. 
Nitric acid^ oxidizes ])hosphoiiis very energetically, converting it 
nuVstly into ])hosphoi ic acid. Owing to its gi-eat affinity for oxygen, 
phos))horus is nev(^r found in nf’iture in the fie'g staU^ it is always 
met with as plios])horjc ac^d combined with l)as(;s. 

Cimipounds of Pliospluiriis. — I’hosphonis forms 
■with oxygem and hydrogen,tlu; following anhydrides and acids:— 

,, , Anil ydriiles. Acids. 

Hypophosplionis ivcid* * . . . . 

* J’hosphtu'us acid , . t •. . . 

I’hospliui-ic acid. 

Thefe are thi'ce phos]>horic acids known, viz.:— . 

Mcl^aiilioriplRiric acid = Hl’O.; 

J^yrophosplioric acdil ’2H.,OP._,i^- H,P,f)- 

<’OitIiq|)V(jsphnric acid 

fitjKci'of exU Juely Hue tUvision. (I'ho phosphorus thtri inllaini's spontaneously. 
If wooden objects be coated with a solution ot Penian^tii’e notbinj^ can prevent 
H conflagration. The solution of phosphorus in carbon disulphide, mixed with 
sij’.phur chl^u’ide, can he preserved well in close vessels but inflames with violence* 
if a few drops of Yimnionia are allowed /o fall* th<;reon. This is the Lorraine 
tire of Nicklgs of 18(>U. Care must Iwj taken to work in the open air on small, 
<iuajititie8 at.d to ix>ur tlic ammonia by aid of a long tube. Thi; new Lorraine 
tire of P. Guyot, 1871, is a solution of phosphorus in carbon disulphide to which 
sulphur bromide has been added. It inflames in 1 or 2 minutes after ammonia 
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Tlypophosphovous acid is jnoiiol)asic, that is to say, only one of 
Mts %toins of hy(li'Og(sn can iio nt'iilaced by a inctiillic atom. Pltos- 
phorous acid is dibasic, and phosphoric acid* Iribasic. Thert' arc, 
therefi^c, three phosphoric acids, which <lilTer in the fact tihat one. 
two, or thw^o atoms of H may he replaced by as nviiiy basic atoms. 
UJs to Graham that \v(5 owe the discovery of Mjeir clfiiracteristi( 

’ reactions. ^letaphosphoric acid only forms one s})(‘c^(‘s of meti|- 
phos])hate. Pyrophosplioric acid yi('lds two sp(‘cies*of })\TO])hos 
phate. Orthophosphoric acid forms thns' s])eci*'s of salts corre¬ 
sponding to the formulie M.jPO^; MJIPO, ; MllJ'O,. Thes( 
acids are distingnished one from the other hy the* following reac¬ 
tions : the m^frl^acid gives a white ]ireci]*itate, with bariimrchloridt 
also with silver nitrate, and coagulates a solution of aflaimen ; th( 

’ pyro acid gives no precipitate with hariuiTi chloride', hut a whit( 
precipitate with silver nitrat(', and does not* coagulate albumen 
the ortho acid gives no ])recipitate with i)arinin (diloride, hut n 
yellow piecipitate witfi silver nitrate, and does not coagulaU 
all)umen. 

I'liD.'i'phoric Anluidridc, l*AP, is ohlaiiu'd hy tlu; coml)URtion 
of phosphorus in a current of very dry aii'. It foiins ('xln'inoly 
light, highly deli(juesc('nt, whip* Hocks. It dissolves in water witli 
the hissing noise of reddua iron, ih'iict^ it^ use in drying gases at 
temperatures at whicli sulphuric acid would lx; d('com])Ofj(‘d, and 
also in the pj‘e]>ai'ation l)y dehytlraiioii ciutain aciil anhyirides oi 
<;ertain organic com]H'unds, nitiiles for example. Ileaie<l to re<|^ 
2iess with charcoal it yiedds carl)onic oxide ami ])h^s])ljorus. 

Mcldplio.'iplioric liPO.p is ftionohasic. 4t is (M•(^])ared h} 

hydiating th^^*co!d .inliydride,J)y heatin^ikorthoiihosphoric acid tc 
redness, oi' hy calcining ammonium phosphate; at a l ed heat. It u 
a vitreous substance, volatile at a re<l luiit, vm v solullle in wat(n’ 
■with which it cornbim'S to i-«'])rodiice ortboj)]iosplioric acid. It i^ 
used 'dry gases. Tlie meta]ihosphai?'s |1re])ared i>y calc^nip^ 
monometallic orthophospjiates arc 6iily partitilly reduceTl liy char 
<;oal. 

l^'i)plto!>]}k<irit> Acid, IlijPAP dil)asic. It is ])i-^^)aPed h) 
subjecting orthophos])lioric 4c*id to prolonged lieat at ‘200’ G 
Galcined, it gives jjieta])ho;^)hoj’ic acid; with wttiu-it rejirollucc! 
■ 0 )-yiophosphoric acid. Pyrophosphates, ])r(^p»tvd hf calcining hi 
metallic orthophosphates, or hy lu^atiji-^ phosiHioric acid^^vith 
oxide, are reducible hy^chaiicoal. 

As far as the manufacture of chemical manuti^s is concerned, th< 
most important modification is the ordinary or (Mthoph»sphori( 
acid. However, pyrophosylforic ^cid is soiiKdimes met witli ii 
phosphates that have been roaste(r to facilitate giindijig, anc 
m^tapliosphoiTc acid in superphosphates dried aj, too high : 
temperature. 
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Orthophoqihoric Acid, H^l’Oj.—This, the ordinary phosphoric? 
acid, is tribasic. ,It is obtained mixed with phosphorus, in ,the i 
slow oxidation of phctSphorus in moist air. It is prepared in the 
laboratory by oxidiiiing red phosphorus by the aid of he^ with 
fifteen times its weight of nitric acid of 20° B. The reaction mav be 
expressed «thus',«I> + OHNCj + 2n,/I = dll^BO^ + 5NO. Tbe 
]l^osphorous is aclded gradually and in small portions at a tiine. 
Orthophosp’^ihric acid is pioduced, which remains in the retort, and 
nitrogen dioxide, which carries over some nitric acid. Care; is 
therefore taken to redistil the product until the whole of the 
phosphorus has'disappeared ; the residue is then evaporated in a 
platinunl basin' to expel all nitric acid and to co«.%rt any ])hos- 
phorus aci(> which may have been formed into phosphoric acid, 
taking care not to exceed 188° C., otherwise pyrophosphoric acid 
will be obtained. Orthophosphoric acid is also produced by the 
action of hot wate'r on metaphosphoric acid, by igniting bypophos- 
phorus or phosphorous acids, or by the action of water in excess 
on pentachloricie of phosphorus. In the concentrated state or-. 
dinary phosphoric acid forms a thick, inodorous, very acid, m^i- 
poisonous syrup, of density 1'88. ft ci’\ stallizes with three mole¬ 
cules of water when evaporated under a bell jar over sulphuric 
acid. It is very soluhl^; in water, and highly deliquescent, finder 
the action of heat, it is converted at about 211!" (I. into pyrophos¬ 
phoric acid, and towards a red heat into metaphosphoric acid. It 
ij redueecl by red-hot charcoal, yielding phosphorus. It gives nO' 
precipitate yvitl^ hariimi chloride, with ferric chloride with a 
solution of silveitnitrate, nor with albumen. ^ But if ammonia be 
cautiously added, barium/ hloridegi^es a brownish precipitate, and a 
solution of silver a yellow one; both preci])itates being solublt^ in 
alietic acid, ' A characteristic test tor phosphoric acid is the produc¬ 
tion of the double phosphate of magnesium and ammonium, by 
“ mai^nesia mixturi!,” tonitisting of ammonia, magnesium cjiloride, 
and water.* This precipitate is white and crystalline ; its appearance 
and methotl of formation heiilg vauy characteristic. A reagent w Inch 
enables traccss of phosphoric acid to be detected, consists of a nitric 
acid solut'on of ammonium molybdaV^- H the mixture of the two 
solutions be heateh, a bright yellow precipitate ii^tormed. Oi'dinary 
phosphoric aoid is a pei'y stable compound. At a high temperat^j'e 
^ ^isplijjces sulphuric and nitric acids from their compounds. 

Phosphates of TAme .—^"it has just been .seen that phosphoric 
acid is tribasic, i.cffu contains three atoms of hydrogen, replaceable 
(fjy metal's f— 


rOH 
I’O <JH 
foH 

Orthop'insphoric 
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•rOM 
PO-^ OH • 
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I OH 

Dimetallic 

Orthophosphate 


(OM 

POfOM . 
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\Vhen the hydrogen of phospliorie acid is replaced by calcium, a 
*(liva^erit (dement, three types ot ))hos))hates are (jhtained to vvhicli 
the comnuu'cial varieties ol phosphatic maiiRres correspond in a 
very cHlu-acteristic fashion : ■ . 


(OH 

ro- OH 

Sx-. 

ro()ii 

I OH 

MonociUcic phos- 
pimte or acid 
phosphate of 


I't) j 
to. ,, 

I’O ()n 

Ion 

l)ical( i<! pliosphatc 
or iHoiiRcid 
pliti^pliatc of 
lime 


'I riciilcic pliosphatc, 
Neutral phr>sphato of lima, 
TrihiiKio pliofiphatc lime, 
Cajfi'O,), 


Monocalcic phosjiliaU! or sniiorpliosphiftc is cliaractcrizod by 
its complete solubility (a) in waUn’. (/j) in aiUinoniacal citrate of 
ammonia (aijueoiis solution of aniinonium citraio with excess of 
ammonia), and (rj in mineral acids. The sole, object of super- 
jihosphatc manufacture is to convert^ the tricalc'ic pliosphates 
ot oones and mineral pliosphates into nuinocalcic or acid pliosphate, 
assimilahle hy plants. l)ica]cic ]jhos])liat(‘, or ])reci]iitated jilios- 
phate, is insoluble in waU'r, hut sohihh' in amnioniacal citrate of 
ammonia, and mineral acids. It is oliiai^ed in tlie treatment 
of hones by hydrochloric acid, in the mannfactiire of ^elaiine^(f;lue), 
as will lie seen in tlie si’ijuel. Tricalcii; phosphate forms ^lie chief 
mass of th(‘ substance ol hoiu's which insists combustion (hone ash)^ 
of phosphorites, ol apatite, and of a j^reat iminhei'^if ^manos. In 
the calcined state, o^ as ajiatite, it 4s insoluble iki water, sli^ditly 
soluble in wattV sa4irated witi^ carhonickacid. It is comjiletelv 
soluble in nitric and hydrochloric acids, which (jpnvcrt it into mono- 
calcic phosphate, displacing two-thirds of-ihi* lime to foVin, with it^ 
calcium niti'ate or calcium chloride. Suiphyric acid comjiletcly 
decomposes it into fret! phospliorie acid a*nd snl])hate of liige 
(gypsum), l^hosphoric acjd is jirecifiitate.d frrtm acid sohitions, hy 
excess of lime water, as a line whitt! powder, which is partly soluble 
in water, especiallyw’hen it contains potassium sulj)hate,^voinmon 
salt, mfrate of soda, ammoniac^il salts, or carlionic acid. 

Phosphates oj Hodiutn, etc. -I Ail fts tixarnint^ it few , 

otl^r pihosphates of importance in manure maiiuTactnft'e 
* 1. Trihasic Pkvsphale of Ammoniicm^ (N< i jvl't).(, is a sli^jtly so|J-» 

uble, very unstable salU obtiyned by mixing syrujiy phosphoric acid 
with excess of ammonia. Its a(]ueous.sohition'"(‘X])OKed to the air 
'loses one-third of its ammonia, and is converted into thtf i^onacid 
phosphate; heated, it loses a i^eCond f!‘({nivalent, and is tlien converted 
into the acid phosphate. 

2. Momicid^Pkosphale of Sodium {ordhikn/ cumimcrcial phos¬ 
phate of .soda, NaoIIPOj -h 121120 ) is contained in urine. It forms 



12 


CHEMICAL MANUHES 


large crystals, which become op_aijue in the air, through loss of a por¬ 
tion of their water. Heat converts itinto piyrophosphate l)y expulpion 
of water. It is prepatecl on the large scale by saturating crude phos¬ 
phoric acid with soda to alkaline reaction and crystallizing^ 

3. Monac.iri ,PlwsjilLate. of Ammonium and Sodium, NaNH 4 
HPC^ + 'HI._,0.*-i*This salt is )ir(ipared by dissolving ammonium 
Chloride in j, solution of ordinai’y phosjiliati; of soda. Heat converts 
it into kodiufii metaphosphate, Nal’O.,, with liberation of ammonia 
and water. Putrefying human urine yields a dejiosit of this salt. 
It forms crystals as clear as water, and is found in that state in 
guano, under the name of stercorite. Its solution on standing gives 
off annrfbnia. ’ •• 

■t. Alonitcid I'hoxpitale. of Ammmium is, likewise, found in 
Peruvian guano. It islornual from the neutral salt through loss of 
ammonia. It has an alkaline reaction, like all monacid soluble 
phos])hates. Tbb acid jiliospbates of potassium, of sodium and of 
ammonium are still more soluble, in water than the preceding. Their 
solutions turn red litmus pajrer irlue. 

5. Maijnesium i’ko!;pliatr!i- -(A) Basic Bkospliatc of lUayneslfim 
Mg.,! !’!),).,, is found in small quantities in sei'ds. It is very soluble 
in acids; it is pirecipitated from its acid solution by ammonia as 
phospihate of ammonij and magm«ia. (2) Miouicid I'hosjihate nj 
JH<(,;/)tr.s'ra?n. - This, like the corres])onding lime comjiound, is a very 
soluble salt. (3) .Double Phosphale of Amnionium and ATiKjitcsium, 
^lI,MgN)., -1- (iH,,0, is pi'f'cipitateii iVoni solutions Avhioh contiiin 
at one aiul^ th^ same time phosphoric acid, magnesia salts and 
ammotiia, as a white crystallftie powdei’ sligjjtly soluble in watej 
and almost insoluhic i*. ammoida \vat<M'. ,I^mit?'d, it leaves a 
residue of pyrophosphate. This interestiiif^ com])Ound was found 
fti lar^e crfstals as clef^r as water in excavatin^^ the soil for the 
foundations of tlu^ c^urt^h of St. Nicolas in Ilamhur*:;. The name 

was given’to h. In this locality tliere was a'^5SS])ooI, 
from whi(?li the matter spread Into th(i ])e^ity soil. As peat contains 
a lar^a; amount of ammontacal salts, the phosphaUi of magnesia 
from *tlu* uritm had formed the; douhle phosphah; of ammoni^ and 
magiKssia, which remained in soIutii)n for a somewhat lengthened 
periOll in the aiflnioniacal salts in excess. slow precipitation 
crystals wenW forme^^ some as large as a hazel nut. This s^jne 
^si^lt is jnet with fn diW’erent varieties of guanos, but in much 
smaller crystals. Its fonnation is am^ogons to that which occurs 
in putrefying uinit^: the phosphate of magnesia is l)rought by the 
•urine, Wie^ammonia results froiii the putrefaction of the nitrogenoiis 
constituents of the guano. • * , 

6. [*hos 2 ^hates of Iron .—The l>asic phosphates of iron are widely 
distributed in natui^, but their composition is*very variable. 
They are formed wherever phosphates dissolved l)y the moisture 
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iu the soil come into contact oxide of iron, iti arahle land, 
whigh it is well known always contains oxide of iron, a i^ortion 
of the phosphoric acid is in all })roi)ahilitj^ conihined with that 
oxide. 'The phosphate of the protoxide of iron (ferrous phosphate) 
is formed in an analogous niauner, in nature th(‘ iron reduced to pro¬ 
toxide by decomposing organic matter. This },;ftp?luct is found in 
large masses in certain p(‘aty disti’icts. A basic artificial phoii- 
phate is obtained by mixing fin ric chlorid(‘ with ’ (‘xCess of 
lihosphate of soda. It possesses a yellowish colour, but i>ecomes 
brown on beating. The compound so ohlaiiu'd is neve)' pinv, and 
its composition in no cas<‘con-esponds to dt'liniu* pixipoi'lions. The 
pure basic })h8li^)hate is obtained f)'om the pr<‘ceding bv inhisUMiing 
it with pure syrupy phosphoric acid, and washing it with a great 
excess of water. Tlie ])roducL so ol)taita‘<l t'(‘inains whiU^ on 
ignition. It is soluble i)i hy<h'Ochlori(; acid; h'lric chlorid(\ and 
in acetate of ii'on, hut insoluhlt' in acetic acid. 'Fhe acid j)hoH])hate 
of iron is pre]>iire(l hy dissolving tin* freslily ])recipitati‘d, air-dried, 
basic phosphab' i)i pun*, syrupy phos])ho»'ic acid. Propta ly pi’o- 
pif^'ed, and the water abstracted, th(‘ solution has an analogous 
comj)osition to other acid phosphates; it is rose-red, and maybe 
converted l)y means of a large excess of water into fiee ]»hosph()ric 
acid and ])asic phosphate. It likewis(‘. yields a precijiitalt* on lieat- 
i)ig. Tartaric, citric, and otluu' )ion-volatile, organie. acids pvc'viait 
the formation of the pi-ecipitate ; mino’al acids only nossess this 
])roperty ])ut inpjerfectiy. ^ 

7. The /’/)e.sp/n/l<’.s' nf Aluinlna behave, in a geiu'ral^wav like t!u‘ 
phosphates of iron. ^ Waveilito, a ctrslalli/ed nii\ie)al phosphaU*, is 
a phosphate fit ali^mina. Itedonda pluih])hat«*, \vhi(di forms an 
important deposit, consists chii^y of a compound of this natui'c*. 

The phosphates just described are met witl) in diffei-ent pho.f- 
phatic manures, naUu'al or aitificial. Tl)e inajority of them, such 
as the ^Ik iiliiU! iiiiil iiniiiioniuin lire, only rcpvosenii'd in 

siiiiill proportions it is triu^; liowevpr, dno eimnot ljut asknowlodgo 
their vast importance from the point of view of the inohility of 
pho^pfioric acid in. the soil, and in the organism. The (jiiiy plios- 
phaJS found in prepondcratip^ atnounl in manures aie’ the plios- 
phates of lime. 'JJh; trihasic phosphates of liiA; are sprea(< over, 
niimeroiis points of the e|olie*; as will he seen fijrther (ii consideralih; 
deposits of them exist which are. worked •otfnidncially. iiut tliese 
phosphates are mixed, witlj more or fesk iin])\n ities, owiir/to tlieir 
abundance they servi^ exclusively as,raw miwncial for the maiui- 
fdcture of phosphatic manures, pi'operly so callf<l, whiaili.are acid^ 
phosphates of lime, or su]mr})lwsjiJmte>:. ‘ 

■ Moreover, various industries supply impoitant i|ua’.atities of 
basic phosphides, olitained as hye-products. t These [ire defivered Co 
manure manufactuiers, who use them in making superphosphates, 
or they are dispatched direct^to the farmers (luisic sliip). 



CHAPTER II. 


ItftNCIPAL l-HOSPH.ATF, DEPOSITS. 

I. T’kance.— dc Caltii^, Somme, Oise.—In theso departments 
the deposits of phosphates are met with in the Cretaceous formation, 
at three distinct levels. These are in ascending order. 1. The 
Gault to whicK the Boulogne workings belong. The nodules 
found in these beds contain 20 per cent of phosphoitc acid. 2. The 
Glauconian* chalk, which forms the phosphate basin of Perues 
and of I’auquemberg, with 25 per cent of phosphoric acid. 3. The 
Upper Chalk bed, characterized by flelemnites quadratns, the 
most important of all. The phosphate deposits of Orville, Beauval, 
and Hardivillers are on this horizon. In these workings phosphate 
rich in sand is found in pockets, in the upper chalk, below tfie 
•clay or surface Idef (? boulder clay). These pockets, which are 
wrought very energetically, are only of limited duration, and are in 
process of exhaustion. Besides the pockets of rich sand, there 
"•exist in the chalk cliffs parts sufficiently rich in phos¬ 

phate’cj,f lime to be worth extracting and treating by one of the 
enrichme,nt processes to he described further on. This phosphatic 
<^ialk, called also “ grey chalk ” (craie tujfccm), etc., forms in certain 
points masses ijf considerable dimensions. The jierceutage does 
not exceed 3H to*40 of trihasifi phosphate of J.inie., Below 28 or 
30 per cent of tribasic i^nosjihate f>f lime, th« chalks are mostly 
considered as of no .industrial value. At Breteuil near Ulermont, 
for exampk* an extreme’ly important bed of this chalk with 32 
per cent of tribasic. phosphate is only partially exploited, the 
enficfted product not’exceeding 45 per cent of tribasic phcfephate. 

1. Sonftnc Phosjikhte. —T)ie presence ef phosphatic chalk in the 
Somme was limt obser\-od by Buteaux as far back as 1849. On 
the other'Jiand, M. de Mercy discovered in 18(i3 and 1867 twiigther 
similar deposits, the one at Hardivlliers near Breteuil (Oise), the 
%)ther 'at HallencoSrt near Abbeville, Bojnme ; h» showed their ana¬ 
logy with thatfcf Bea«Yal, and classed them along with the latter%s 
lielpngiryr to the lielemnitf.s^quadralUH chalk. The Beauval deposits 
were discovered in 188(5 by two geologists, Mftrle and Poncin. The 
phosphatic sands fhat locality, and its environs, are accumulated 
^n the *d^es^ of pockets in the form of reversed cones excavatefl 
in a bed of chalk, tilled with smalt brovJrk-yellow grains of phosphate 
of lime sijuated at the base of the Belemnites quadratns chalk, and 
resting on the Mkrader Coramjuinum white chalk. This tormn- 
, tion is found therefore about the middle Senonian horizon. The 
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phosphatic chalk is of a bright chamois colour and is known m the 
■distg'ict under the name of gre> chalk ; its phosjjjioric acid_ content 
is from 10 to 15 per cent at the point of contact of the grey chalk 
:and th% white, Mkrastcr, chalk, There is at Orville a discontinuous, 
almost horizontal bed of jihosphatic nodules of a yellowish-white 
•colour. Some are coloured black on the exterii.’•‘‘due to a bright 
coat which would appear to he inaugaiiese dioxide; they are. rare'y 
the size of a small nut and contain 70 to <S0 )ier ce'iU of 'trihasic 
phosphate. They ai-e agglomerated by a gaiigue of white carbonate 
•of lime. The phosphatic sands of the Somme contain a rather 
large quantity of the teeth of dogfish, which appear to have been 
pireservcd hy^eir enamel. Neither fossils nor hOnes at'e found 
there, thougli they exist in the Helcinnili's chalk. ,\t Ovville, where 
the phosphatic chalk is separated from tile .Uieriu/er chalk by a 
bed of nodules, no rioilules come from this bed except from the 
bottom of pockets which descend below the grey chalk. At 
Heauval, where the bed of noduli's is absent, there is only to he 
seen at the apex of tlu' funnels granular hard jiarts somewhat rich 
in*phosphoric acid. The amount of rich phosphatic sand in the , 
•deposits of the neighhoiirhood of 1 toiillens, incliuling that of Orville, 
which though situated in the department of the I’as de Calais 
•ought to he considered as helonging geologically and commercially 
to the Somme grou)), has been estimated at about 1 ,.500,OOS tons. 
But these deposits are on the road to exhaustion. Sooij, as Olry 
remarks, this region will re-enter the calm of olden times, and of- 
this era of untold riches, beyond the fortunes acqpired by certain 
privileged persons, there will only remain the me uory aggrandized 
hv tradition ol a tiipe of fever and of gaii almost uiiii|ue in Brench 
industrial annals. Some analyses of the jihpsjihates of these de¬ 
posits are now given. 

T.-\l’.r,K I|.--AN.\hYSKS OF TFIIIKF DlFFlillHTl' TVTHS OF SOIIMK 
» I'noSintATKli. 



7:V8(1 

70-7;'. 

lio-iir. 


IVtr (dill. 

l’»T cCllt 

^I’cpBiTlt 

4 * 

I'lui.sjiliatc, 

IMiospliiitr. 

'i 

Vlmsjdiatc. 

n • 

Moifiture at 100'^ C. 

O-.V.I , 

» I dT 

2-80 

Organic matter and comhined water . 




Phosphoric acid . . . . * . 


lU-lO 

2tM0 

Lime. 


•> po-ni 

41*23 

Oxide of iron. 

0-83 

>^•30 


^xide of alumina . . ^ . 

(i'.5fi 

0-‘2.3 


Magnesia and carbonic aciil • . 

b i7 • 


CO, 3*05 

Insoluble in acids .... 

• 

0-7'i 

1-00 

8*55 

I9()ual to tribasic phosphate of lime 

77'B!» 

74*44 

03*53 
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TABLE III.—ANALYSIS OF AVERAGE SAMPLE FROM A FIELD OF 
ORVILLE PHOSPHATE DRIED IN VACUO AT 98° C. DENSITY AT 


16° C. 3*1307. (H. LASNE.) ' ® 

Per ce.7ii.0 

Hand and clay innoluble in hydrochloric acid . 1*36 

Organic matter and water volatile at a red heat . 3*40 

Soiiible siliafc.0*47 

Carbonic acid.3*70 

‘Sulphario acid (SO 3 ). 0*75 

Phosphoric acid. 33*86 

Lime.47*54 

Magnesia.1*20 

Alumina '.1*70 

Oxide of iron (B'e.^Os).1*22 

Calcipm fluoride.4*65 


99*85 


TABLE IV.—BEAUVAL PHOSPHATE DEPOSIT. ANALYSIS MADE BY 
NANTIER AT THE DATE OF DISCOVERY. 


PhoBplioric acid. 


Per cent. 
30*89 

Lime ...... 


45*33 

Carbonic acid ..... 


2*04 

Fluorine . . • . 


1*60 

Sulphuric acid ..... 


1*84 

Peroxide of iron .... 


0*50 

Alumina. 


0*32 

Magnesia. 

Silica * •. * * • % • 

Drganic matter .... 


0*16 


0*38 

4 

• 2*26 

Water . t . . ^ . 

f 

15*99 



101*31 


Which correspond'a before drying to a content of— 


• • 

Phosphate of lime . 


• 

67*43 

Carbonate of lime . 



4*60 

' Cttjcium fluoride 



3*24 

„ sulphate . 

t 


« 1 . . M, . 

1*43 


Drying raises the phosphate of limfe contenf of this product to- 
80 per cent. • , 

* *2. Pfilf de Calais Phospli&tes ,—The j)hosphate bed situated be¬ 
tween the Gault the Gjeensand extends over vast tracts. In 
the Pas ^e, Calais? it forms the prolongation of deposits recognize^ 
nn England as of the same stratigra^ical horizon in the counties- 
of Kent,. Sussex, and Surrey.- There Is reason also to assimilate 
is with the geological Ijorizon exploited in the Ardeimes and in the 
Meuse. It was in the Pas de Calais at Wissant that Berthier fiftt 
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discovered in France the presence of phosphate of lime in nodules, 
#,mofgst pyrites being wrought.at the base of the Gault clay for 
the manufacture of green vitriol. The stony, imftter mixed with 
the pyrites yielded on analysis 57'4 per cent of phosphate of lime. 
Later tn, Dr. Turner discovered phosphatic nodules in the Gault 
at Ijottingheni'. Finally, the investigations of ^*ugy„ Desailly, 
■and de Melon in the Ardennes, from 1852 to 185(1, having drawn 
public attention to the phosphates of the Greensand,tliesa were? 
not long in being exploited in the Pas de Calais, which has since 
become one of the principal centres of production. The nodules on 
lumps of this bed to which the name of coqnins are ^till given, are- 
generally rouneWn form smooth or mamillary. Tlieir six# varies 
from that of a nut to that of the fist. They are grey or brown on 
•the surface, with sometimes a bluish, somatimos a greenish cast.. 
In the interior they are dark brown or black. Some of them are 
penetrated by iron pyrites, glauconite, gypsum, or quartz. In the 
Pas de Calais they are consolidated by an argillaceous cement con¬ 
taining 25 per cent of glauconitic sand, which makes a sort of con- 
gldhfierate, of which the mass is formed of 35 to 40 per cent of 
nodules, and 60 to 65 percent of argillo-silicious malku'; sometimes 
shells, woody fragments, coniferous fruits, dog-fish teeth, 6sh bones, 
and crystals of carbonate of lime, are found therein. The bed of 
.nodules is fairly regular; its thickness varieS from 6 to 8 inches. 

Chemical Composition of the Pas de. Calais Nodvlesf .—The 
chemical composition of the nodules varies, as two aniflyses by 
Delattrc show.' It follows from these analyses that the Gault! 
nodules consist essentially in the lias de Calais,df jJliosphate of 
lime,oarbonate6f lima, fluoride of calcium.^lay, sand and glauconite, 
the whole associated with a certain proportion of organic matter, 
about O'lO per cent of nitrogen (ammonia'caj); ffhe glaucftnite bring* 
also a certain amount of potash. The extent believed to be exploit¬ 
able in ihe bed situated at the base of the Gstult clay is estinvited 
at 600 hectares, say 1500 acres, in the Boulogne district At tire 
base of the Cenomanien formation or glauconitic chalk, there are 
•in certain localities m the Pas de Calais workable beds of phosphate 
of litdS. Also, in the district t>f Audincthem, Dennebrosucq and 
Eeclinghem, and ii^ that of lu^chin, Febvin-Paliart, N4doncl}elle, 
BaiJleul-les-Pernes, Aumerval and Pernes-en-Artois, ^t a short dis¬ 
tance from the coal basin. The bed of phpspTiste has a thickness 
of 5 to 10 inches ; the nodples are gr^eflish, rather large«Bnd ag¬ 
glomerated by a sandy clay. They arq more tnijble than those of 
tl^e Boulogne district, and yield, on washing, abemt 25 jjJigcent of 
by-products. They contain,f»om 50 to 60 per cent of phosphate of 
lime. 


.See Table V, p. 18, 

2 
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TABLi: V.—ANALYSES OF PAS DE CALAIS PHOSPHATES. 


« 

Phosphate. 

Nabringhem. 

Fiends. 

Moisture fit 100® . . . . 

1-40 

J.-40 • 

Mft^iter volatile at a dull red heat . 

.5-60 

■^-80 

rhosphoric acid ( 1 ) . . . . 

23-.52 

20-72 

Sulphuric ae«d. 

1-OC 

0-89,, 

Carbonic acid'(2). 

4-30 

4-20 

Fluorine (3). 

1-10 

1-83 

Libae . 

.34-77 

33-71 

Magnesia. 

0-04 

traces 

Alumina. 

3-.53 

3-25 

Oxide of iron. 

319 

3-15 

Silica. 

20 - 6 » 1 

25-20 

Deduct oxygen equal to the fluorine 

99-91 

0-80 

99-65 

0-77 

Undetermined and loss 

99-11 

0-89 

98-88 

1-12 

Total. 

100-00 

100-00 

<( 1 ) Kqual to tribasic phosphate of lime 

51-36 

45-23 

<(2) Equal to carbonate of lime 

9-77 

9-54 

i(3) Equal to calcium Huovide 

3-90 

3-76 


3. Meuse, Ardennes and La Marne Phosphates .—-The phosphates 
oxplsited in this district come almost entirely from the base of the 
cretaceous (Greensand). This formation forihs almost a continuous 
zone which extends over 187 miles from the department of Ardennes 
as far as Yonne, crossing those of la Meuse, la Marne, and the 
Haute Marne acd Aube. It consists mostly of one, sometimes of 
two beds of nodules of j hosphate of lime, of a thickness of 6 to 8 
inches, but in certain districts it thins out so much as to be 
»i 0 longer workable, the phosphate disappearing entirely, or not 
existing in sufficient quantity. The existence of Greensand nodules 
ip Its Ardennes was first pointed out in 1842 by Sauvrge and 
Bauvignior, and their chemical composition was determined in 
1852 and 1853 by Meugy. The first extraction works were under¬ 
taken by Desailly in 1856 and are still in existence. But, in a 
general way, the works are very unstable, the sheds being removed 
as soon as the dead ground becomes too powerful, or the nodule bed 
thins out. The Meuse nodules have much the same appearance 
.and composition aii those of the Boulogne district; their phosphoric 
adid edntent generally varies from 14 to 20 per cent; it rarely 
exceeds the latteu limit. Sometimes they are small, sometimes 
they reach or exceed the size of an ostrich’s egg; they exhibit ir¬ 
regular contours into the spaces between which a green argillaceous 
sand pe.ietrates, which necessitates their being broken in bulk so as 
to clean them. At other times the phosphate of lime instead of being 
in lumps isolated in the sand assumes the form of a conglomerate 
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with a sandy cement known under the name of Cras^ns. TRese 
^rassins are very difficult to clean. and yield products poor in 
phoSphoric acid. A sample of iiodules from the neighbourhood of 
Grand]jr4, analysed at the Bureau d’Essais Se VScale des Mines, 
had the following composition • 


TABLE VI.—ANALYSIS OF MEUSE PHOS^ATES^ 

* Per cent. 


Clay and quartz 
Alumina and oxide of iron 
Lime . . . . 

Phosphoric acid 
Carbonic acid 


.. H-O 
2S-!) 
33-5 
17-5 
90 


Total 


1 ) 1^5 


Other and more complete analyses have been published by 
Delattre. The folloVing are quoted:— 


TABLE VII.—ANALYSES OF VAKIOUS PHOSPHATES IN THE MEUSE, 
ARDENNES, ETC,, DISTRICTS. (DELATTRE.) 


Sofjrce of the Phosj,hatej. 


... 

— 

... 


- - 





Chesnors 



Doraba^e, 

(Irautlpre. 

or 





Hoocomt. 

• 

Moisture at 100^ C, . 

1-90 

1-75 

2-20 

• 

2-15 

Matter volatile at a rcl heat 

5 05 

4-80 

,4-,55 

3-75 

Phosphoric acici 

lS-7# 

18-23 

• 19-57 

16-69 

Sulphuric acid . . • . 

Jl-20 

41-79 

0-85 

0-79 

Carbonic acid .... 

•4-SO 

4-.50 

5-80 

4-70 

Fluorine. 

1-48 

1-31 • 

l-(l(i 

1-75 . 

Lime. 

29-23 

‘27 -60 

31-81 

26-88 

Magnesia. 

0-30 

traces^ 

0-36 

traces 

Alumifta. 

2-.57 

2-30 

3*3() 

i-47. 

Oxide of iron .... 

5-46 

5-83, 

4-89 , 

3-77 

Silica . . . . * , 

•28-74 

% 32 0(» 

24-80 

37-16 

« 

— 



♦ “ '• - 

4 

• 99-56 

99-23 

99-96 

100-11 

Deduct oxygen equa4 to fluorine 

0-62 

0-55 

• 0-69 

. e-75 




• 




. • ' 




98-94 

' *98-68 

99-16 

m 99-3* * 

Undetermined and loss . * . 

1-06 


0-84 

0-62 

t 


• 


% 

Totals . . . •.* 

100-00 

100-00 

lOO-Jo 

100-00 

Equal to phosphate of lime 

40-90 

39-79 

42-73 

• 36-43 

{Iqual to carbonate of lime 

10-90 

10 -2f 

13-18 

• 10-68. 

Equal to calcium fluoride . 

3-05 

2-70 

3-40 

3-59 
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TABLE Vlir.— ANALYSIS OF ARDENNES NODULES. (MARET’AND 
DELATTRE.) 


, 

Per cent. 

Moisture. 

2*20 

Organic matter. 

3*35 

Carbonic acid. 

4-60 

Sulphuric acid ...... 

0-75 

prioBphon>t acid. 

18-35 

Fluorine ....... 

1*37 

Lifct ....... 

27-52 

Magnesia ....... 

0-08 

Alumina. 

2-37 

Oxide of iron. 

5*20 

Potash soluble in nitric acid 

. ,r. 0-99 

'Silica. •. 

32*42 

1 

99-20 

Deduct oxygen equal to fluorine 

0-57 


98-63 

Undetermined and loss .... 

1-37 


100-00 

Carbonate of lime ..... 

10-45 

Phosphate of lime ..... 

40-08 

Calcium fluoride ..... 

2*81 

Nitrogen. 

0 084 


These analyses show that the Meuse and Ardennes nodules are 
similar in,composition to those of Boulonnais and the neighbourhood 
qf Pernes-en-Artois, which is quite natural, both being of the same 
origin and si*-ua,ted at almost the same geological horizon. 

4. Cote d’Or Phosphates.—Ab far back as 1822, Dft Bonnard dis¬ 
covered near St. Thibault‘(C6te d’Or), in a cutting of the Burgundy 
Canal, greyi,sh-white, nodules which contained, according to an 
analysis by Berthier, 74 per cent of phosphate of lime. These 
nodules associated with grains of ammonite were impasted in a 
mass ‘of brown clay, 'but at that period little importande was 
attached to“ the discoVery, and' it was only in 1872 that Collenot 
re-discovered them in excavations made on the line of the railway 
from Oravant to Laumes. He collected samples which Georges 
Ville found to contain 60 to 64 per chat of tribasic phosphate. In 
1873-4 this formation was examined by Poncin.f'who immediately 
profited therehjr. It o^as thus that towards the end of 1876 the 
pjiijspha^ works of Auxoik came into being. The horizon exploited 
belongs to the Lower Lias of Burgundy ;• it is situated towards the 
summit of^ the gr^pnesis arqiUes (? gryphea incurva) limestone 
^one witft Ammonites Stellaris. ^Towards the top this limestone* 
‘is rich in soft, almost friable phosphatio nodules, which are enclosed 
in the mlirly mass, th^ whole forming a mixture, the phosphate 
content of which varies from 30 to 45 per cent. The phosphatife 
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limestone is known in the district as “calf’s liver” {/ok de veau). 
fit i» not workable in the natural state owing to its irregular com¬ 
position, but over large stretches the gryphe(»lirnestone has been 
altered and dissolved by the surface water which has left in in situ, 
as an insoluble residue, an argillo-ferruginous mud in which the 
phosphate bed is represented by a layer of nodtldk cemented by 
a gangue of a similar nature. In such conditions the phosphatg 
nodules may be exploited, for it is easy to separate thfem from the 
substance with which they are mixed, by drying and sorting, followed 
by washing. The thickness of the bed varies from 10 to 20 cm. 
(i to 8 inches), jjut this thickness sometimes reaches 30 and even 40 
cm. (12 to lOin^es), whilst elsewhere the bed is lost completely and 
ceases to be exploitable. The nodules are irregular ih shape and 
greyish-white or yellowish; they are softf almost triable. Their 
fracture shows grey spots with some blackish veins. Their size 
varies from that of a hazel nut to that of the fist. They generally 
have rounded edges, exhibiting a more or less angular shape. The 

TABLE I.';.—ANAIjYKEH OF AUXOIS PHOSPHATES. (DELATTRE.) 



I. 

11 . 

HI. 


IVratMit. 

I’cr (tenf. 

Per cent. 

• 

Water at 100. 

2*10 

l-fiO 

1-20 

Matter volatile at a retl heat 

2*10 

2-50 

2-,5() * 

Phosphorie acid.^ . 

27-01) 

•2«-»9 

29-71 

Sulphuric acid •. 

traces 

• 0-17 

017 

Carbonic acid . T . . . 

• 2-60 

2-50 

2 20 

Fluorine. 

1-75 

2-40 

1-55 

Lime. 


.37-'I6 

38-08 • 

Magneeia. 

traces 

0 -lH 

traces 

Alumina •. 

• 2-so 

2-47 

2-(iS 

Oxide*of iron. 

7-3.5 

7-24 

T-4S 

Silica.. . . * . 

• 

iH-m 

14-40* 

14-20 

« 



• 


99-20 

99-97 

99-69 

Deduct oxygen equal to the fluorine 

0-75 4 

1-01 

0-65 

% 

• 

-•- 

• 1 



9H-90 J 

99-04 . 

Undetermined matter and losj . 

• 

1-59 

• • 

1-04 * 


• 

Totals . . . •. • 

100-00 

lOfVOO 

b 

100-00 ] 

• Equal to phosphate of lime * . 

5»'07 

(i2-41 

64-85 

Equal to carbonate of lime .... 

fv'JO 

5-08 ‘ 

5-00 

equal to calcium fluoride .... 

3-59 

4-94 

3-10* 
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mass contains 20 to 25 per cent of nodules, and 75 to 80 per cent 
of mud. The thickness of the nvad or clinker which covers, the* 
bed is very varia'ole,*^ to 3 metres (20 to 120 inches) at the most. 
The Apxois nodules contain 27 to 30 per cent of phosphoric acid, 
equal to 59 to 65 per cent of tribasic phosphate of lime. The 
results ofithret^fraalyses by Delattre are given in Table IX (see 
previous page). 

According to the French mining statistics of 1887, the approxi¬ 
mate extent of the C6te d’Or phosphate deposits is estimated at 5000 
hectares (12,500 acres), containing 1,500,000 tons of that product. 

5. Cher Phosphate .—Beyond the districts desc^ed, a bed with 
nodulesc-15 cm. to 20 cm., say 6 to 8 inches thick, situated in the 
upper AlbiCi, has lately been wrought in the department of Cher. 
These nodules, of a yehowish-white colour and sometimes loaded 
with silica, are associated with white quartzose sand and gravels in 
the proportion of about one-third. They contain only 14 to 16 per 
cent of phosphoric acid. They are hard, and hence difficult to 
grind, and their freight was heavy owing to the great distance frqm 
a railway station. They were wrought exclusively in the open air, 
within the radius of Vailly sur Saldre, then after having been 
washed on the spot, they were ground and dispatched. The irregu¬ 
larity of the deposit, the poor phosphoric acid content of the nodules, 
their great hardness and the heavy cost of freight, rendered these 
workings expensive, and they were abandoned. 

6. Qiercy Phosphates {Lot and Neighbouring Departments ).— 
Fhosphate deposits occur over a wide area in Quercy. The phos¬ 
phate occurs in (vjncretions im the form of big pockets or vertical 
veins in the limestone (atusses) belonging to ’ohe lower oligocene. 
They are found only in the high limestone plateaus which have 
been traversed by the' fresh waters of the eocene, and almost always 
in the immediate neighbourhood of tertiary ilots (outliers) left on 
the spot. These outliers never exceed 350 metres (1148 fee^ high, 
anS it would be useleos to seek for phosphate pockets on Jurassic 
plateaus of greater altitude.' The pockets are very variable; some 
have a, diameter of 35 metres (115 feet), others are crevassftq' of 3 
to 6 metres (10 to 20 feet), following a straight line over 90 metres 
^say 300 feet). AK the known pockets end in a joint at the bottom, 
and widen nea*: the sq^face. The irregular nature of these deposits 
seems to form an obstacle to their development. Their high phos- 
^hftric aKd content appar'ently led to.a multiplication of badly 
organized works which ceased to be self-supporting when it was 
neoessar 5 'io go 'deeper. These phosphates are chiefly used in 

'/ffie manufacture of supearphosphktes to» increase the percentage of 
phosphates, so as to bring them to the commercial standard of 15 
to 16 pef cent of pho^sphoric acid soluble in ammonium citrate. 
Their average composition is as follows:— 
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TABLE X.—ANALYSIS OF QUERCY PHOSPHATES. 


• 

Per cent. 

Water and organic matter . * . 

.* 5*31 

Phosphoric acid .... 

. • . 35-33 

Lime. 

48-72 

Carbonic acid. 

3-42 

Sulphuric acid. 


Fluorine. 

. • — 

Magnesia. 


Oxide of iron. 

f-24 

Alumina. 

2-78 

Insoluble. 

2-12 


'lOO-OO 


7. Gard and Ardeclie Phosphates. —The Gard deposits are 
v.hiefly phosphorites, the formation of which^ias been contemporane¬ 
ous with those of Queroy. They are found in irregular excavations 
amongst the compact limestone of the Urgonian age. The workings 
are underground. The chief producing centres ar’e on the lands of 
the communes of Tavel and Lirac. Jhere are also deposits of 
nodules in Saint-Tulien-de-Peyrolas and Salazac, also in the de¬ 
partment of Ardeche at Saut-de-l’Eygue, la Kousette, Beyne, etc.' 
Production almost nil. 

8. Dr(mie and here Phosphates. —In Dijpme they chiefly work 
the Greensand nodules at Saint-Vaul-Trois-C.hateaux in the district 
of Montelimar. The content of these nodules does not^exceed 55 
per cent of tribasic phosphate of lime; it averages 45 per cent. Tlj^ 
workings, which are unimportant, are solely in l^e^pen air, and 
consist of scueening the nodules 9nd scrubhiujf them in water to 
separate adhering sand. In lii^re there'are tossiliferous and phos- 
phatio beds (Gault) of great regularity, but thp rock is sometimes so 
compact that the nodules cannot be washed and enriched by simple 
economic means, such as screening and sevruhbing, which are the 
only Aethods that can be applied to material so poor in value. 

9. Pyrenees or ArUges-Phosphatk. —ThestTphosphatoe, described 
by Dr. Levat in- a memoir presentetl to the Academy of Sciences, 
form-a vast bed developed in the valleys of Bonnes, Luchoa, Salat, 
in the neighbourhood of Pmfles, ascending towards the north in 
les Gorbi^res as fift- as the environs of Gannes. Pyrenees or Arieggs 
phosphates have a brilliant black appearance *ecallin^ that of anthra¬ 
cite. The composition of the bed ii oljSracterized in its rich parts 
by numerous black, brilliamt, usually flattened nodules cJhsistiiTg of 
^almost pure phosphate of lime, testing 65 to*7S per cent of tribasic 
phosphate of lime. The gangue encrusting these nod«lBs is itself 
•phosphatic. Moreover, there has been found in il an importai**’ 
amount of organic matter containing orgwiic nitrogen jn the pro- 
fiortion of 11 lb. per ton. The thickness of the bed reaches 8 to*10 
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metres (26'to 33 feet). The nodules are concentrated sometimes 
on the roof, sometimes on the wall of the deposit. « 

II. BELGIU^^—About 1874, C<Jrnet discovered at Mesvin and at 
Ciply near Mons, below the landenien sands, a bed 8 to lOcmetres 
thick ®f brownish, friable, slightly coherent chalk containing 75 per 
cent of brown grains of carbonate and phosphate of lime, the largest 
of which 'are n»C bigger than a pin’s head. This speckled chalk, 
/mown in /he district as brown chalk (craie brum), contains 26 to 
30 per cent “of tribasic phosphate, with a slight enrichment at the 
base. It occurs at a higher level than the Beauval chalk. In the 
upper part it exhibits pockets, in which there are found masses 
of pudding-stofte called poudintjue de la Malopie, consisting of brown 
coloured nodules containing 50 per cent of phosphate, cemented 
together by a calcareoi^s paste. Those nodules have an analogous «■ 
composition with the brown grains. The calcareous tufa of Maest- 
richt, itself phosphatic, rests on them. Other pockets, containing 
a chestnut-coloured phosphatic sand, like a highly ferruginous sand, 
tests 60 per cent of tribasic phosphate. This sand, which coats 
the sides of the excavations, is only about 30 cm., say 12 incites 
, thick. It consists of the same small phosphatic grains that are 
met with in the brown chalk. The phosphatic chalk of Mesvin 
and Ciply, like that of Somme, is not commercially utilixable in its 
raw state, but its extreme friability, and the facility with which the 
phosphatic grains are detachable from their chalky envelope, enable 
it to be ev’riohed and to bring its content up to 50 and even 60 per¬ 
cent of phosphate. It suffices to pulvorixe it and to submit it after¬ 
wards to an ascending current of air which removes the chalk dust 

TAm.E XI.—ANACYSKS OIJ CIPIA' I'HOHPHATEH. 


c * 

r 


11 . 

III. 

IV. 

mteJ . . . . 

0-H5 

■ 

0*80 

—1_ 

1-40 

Organic nmrter. 

;po0 

2-50 

2-12 

1-90 

Phoephoric acid. 

18'()8 

22-14 

21-09 

26,-29 

Sulphuric rtcid. 

0*01 

— 

— 

•1-81 

Lime. 

' 49-90 

50-72 

50-81 

51-98 

Carbolic acid . < . 

18-40 

15-7QI. 

15-06 

12-80 

^Magnesia • * • ' • 

0-50 

— 

— 

0-67 

Oxide of iron ana 

2-28 

1-72 

1-31 

0-86 

Insoluble . . . * , ^ . 

oddetermT^ied. 

41 *■> «. 

5-20 

8-80 

1-23 

0-74 

1 -SO 

8-62 

5-28 

1-75 

( \ ' 

/; Totals « . . . . 

1O0-QO 

100 00 

100-00 

100-00 

'Equal to tribasic phosphate of lime 

40*72 

48-25 

53-82 

57-39 

Equal to carbonate of lim^ . 

41*81 

35*64 

• 34-24 

29-09 
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and leaves the small heavier phosphatio grains, or to roast it slightly 
add 1^ wash it in mechanical preparation plant. Other important 
phosphatio deposits occur in the district of ,Li«ge, at Rocour, 
Vottem,»Hesbaye, on the right hank of the Meuse. It likewise 
occurs at Liers, Voroux, Milmort, Ans and Monteguce. * 


TABLE XII.—ANALYSES OF LII5gE 

I’HOSl’firTES 

• 


I. • 

• lit 


Per cent. 

Per cent 

AVater. 

O-OH 

0-85 

Chemically combined water .... 

2-88 

2-58 

Phosphoric aci*». 

27-20 • 

2,7-08 

Carbonic acid. 

8-10 • 

»00 

Soluble silica. 

0-80 * 

0-75 

Lime. 

• 40-Ot 

88-01 

Magnesia. 

0-70 

0-81 

Oxide of iron and alumina .... 

2-80 

8-80 

Calcium fluoride, calcium sulphate, etc. 

5-08 

4-40 

Insoluble. 

1;V84 • 

21-27 


1:ii. England. —True coprolites or fessil excrements rich in 
phosphate of lime in the form of more or less rounded lumps, 6 to 
20 cm. (2.^ to 8 inches) in diameter, are found in England in the 
Lias marls, chiefly at Lyme Regis. The interior is earthy like 
hardened clay, hut amongst these there can ht*i'eadily distinguished 
the teeth and the hones of the fishes and reptiles which served as 
food to the saurians of the epoch such as the ichthyosaurus, the 
pleiosaurus and the teleosaurus. Coprolites have been found at 
the mouth of the Severn near Bristol 

TABLE XIII.—ANALYSES 01’*LYME REGIS COl’UOLITES. 

{THOMPSON HERAPATH.) * 


I. 


. 

* ^er cent. 

AVater ...... 

•• 1 0TH2 

Organic matter . . • . 


Sodium chloride and sulphate 

. . traccH 

Ciftrbonate of lime 

28-074 

Carbonate of magnesia . • • • 

— 

Sulphate of lime .... 

l-g77 

Phosphate of lime ^ . . . 

GO-700) 

Phosphate of magnesia . 

^traces /• 

Phosphate of iron 

. • * 10.77 

Phosphate of alumina . 

. traces 

Ferric oxide. 

• . • 

Alumina. 

. . traces 

Silica, calcium fluoride, and loss . 

. . . l-o.Vi 


9!)-805 

Nitrogen. 

. « 0-082 

Density. 

2-700 


II. 

iVr cerit. 
• 2-001 



0 02 (> 


Til-i-OOO 


fi-lR2 

*•370 

9S-739 














26 


CHEMICAL MANURES 


TABLE XIV.-ANALYSES OF CAMBRIDGE COPROLITES. 



• 



Per cent 

Moisture* * 




8-00 

Organic matter 




306 

Silica 


. , 


900 

Phosplyite of lime . 




77-70 

Oarbonatlof lime . 

«r 

« 




2-30 

100 00 


TABLE XV.-ANALYSIS OF SUFFOLK COPROLITES. 

^ Per cent. 


Combiped water.10*00 

Sand, oxide of iron.21*00 

Carbonate of lime.10*00 

Phoaphate of linie ..56*00 

Calcium fluoride, sulphates and alkaline chlorides . 3*00 


100*00 


As far back as 1848 ^antediluvian bones were dug out of^the 
Suffolk and Norfolk Crag. The upper Norfolk Crag contains- 
fossil bones of the elephant, rhinoceros, ox, etc. They are found 
mixed with sand and gravel at a depth of 70 to 80 cm. (27 to 31 
inches). The samples from the bone bed in the neighbourhood of 
Sutton (Suffolk) are sometimes spongy and friable, sometimes 
fibrous ^and resistant. The latter readily take a fine polish, and 
their porosity can only be seen under the microscope. Their 
analysis giyes,the following figures :— 

t « , 

TABLE XVI.—ANALYSES OF FOSSIL BONES CTROM SUTTON BONE 

BlfO. 


Water extracted at i50'*C. to 170° C. 
Water and organic matter volatile at a 
re^l heat . • . . ’. 

Carbonate of lime . . * . 

Carbonate of magnesia .... 
Sulpfiate of lime . . . | . 

Phosphate of Ijme combined with a fittle 
* phosphate of magnesia 

Phosphatetjf irdn ^. 

Phosphate of aluihiniH* • . 

Caloisim duoride . . 

Silica . ' • • • • * 

Nitrogen ih 100 parts ... . * 


I. 

ir. 

i'er cent. 

Per cent. 

8-361 

2-912 

• 

4-351 

3-861 

27-400 

26-800 

0-371 

0-286 

0-514 

trifces 

«9-632 

59-966 

6-600 

4-800 

3-400 

4-638 

3-617 

andetermlned 

0-626 

0-098 

99-872 

99-861 ■ 

0-1244 

undetermined 


^ Twcf other samples from the same locality intended for super¬ 
phosphate manufacture, yielded 58*61 and 62 per cent of tribasio 
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phosphate of lime. Besides these deposits of phosphorites, result- 
idg fr#m the burying of bones, pljospRorites are also found in the 
county of Suffolk, at Felixtowe, Sutton and Wall<)n T these deposits 
are 20 fhohes deep. The phosphorites occur there as brilliant 
black nodules, exceedingly hard, and were formerly used as pebbles 
for read-making. Their composition is as follows 

TABLE XVII.—ANALYSES OF SUFFOLK, ETC., COFIlOLITEii 


Per cent. 

Water and organic matter .... 4 0 — 

Tricalcic phosj^ate.70*9 • 54 

Carbonate of lime.10*28 • l(i 

Silica.5*79 • •— 

Oxide of iron.• — •*> 

Oxide of alumina ...... — ^ 

Fluorine.— ^ 

finally, deposits of pseudo coprolifces are found* in the Welsh 
Cai#brian and Silurian systems at Mowdry, Pennyganedd, and at 
Beroin. But the English superphospliate industry has almost 
entirely ceased, owing to the competition of other countries that 
possess more readily workable deposits. (See Table, p. 54.) 

IV. Sweden and Norway.— Sweden. Aj)atite with 3G to 41 
per cent is found in quartz: at Horesjobera. • 

Norway. —In the Kragero schists, near ('hristiania, hlvewise 
in the granite and gneiss, crystalline appatite is met wulh idthougl 
rarely in crystals. Its colour is yellowish-white or^ gij^nish-grej 
or red. The crystals have the following compositi*)n :— 


TABLE XVIII.—ANALYSIS OF NORWEGIAN APATITE (QRYSTALS). 


tYatef . 

Loss on ignition 
Phosphoric acid 
Lime . • . 

Magnesia 
Oxide of iron 
Oxide of alumna 
Carbonic acid 
Sulphuric acid 
Chlorine 
Insoluble 


Per cent. 

0*14 
. 0-27 

39^^44 = 8b*-10 Ca^P^Og. • 

50-90 of which 2-28 is free lime. 
0-64 


V. Germany.— Germany possesses practically no d^ftppsits of 

phosphate of lime industrially utilizabte, and the recent geological 
examinations that have been made have yielded practically no dis¬ 
coveries.. * . , . • . O 

VI. Austria-Hungary.— Deposits of poor phosphates exist in 
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k 

Bohemia, at Kostic and at Teplitz, the composition of which is 
as follows;— ' , 

k 

TABLE Xix‘—ANALYSIS OF BOHEMIAN PHOSPHATES. 


Per c^nt. 

I Pho8t)h«ric acid.15‘1.5 

Lime.32‘62 

•Carbonic acid.12'25 

Sulphuric acid.0-82 

Calcium fluoride.3-51 

Magnesia.. , 1*04 

Oxides ol iron and alumina ■ ■ • ^ 

Silica.2*14 

Sjnd.20-14 


• . . . • 
Moreover, vast deposits of phosphorite are found in Galicia and 

Bukovina, which are connected with those of Central Eussia, as 
will be seen further on. 

VII. Russia.— There are two deposits of phosphorite in Eussia 
of considerable extent,,one of which, part of Podolia, 500^000 
hectares (1,250,000 acres), and of Bessarabia, 70,000 hectares 
(175,000 acres), extends into Austria. Its most important centre is 
in the basin of the Dneister, between St. Urzica and Nozileu. The 
phosphorite is found^s nodules with a smooth and polished surface, 
rarely rugose or exfoliated, sometimes greasy to the touch and 
resembling polished cast-iron, 2 to 2^ inches in diameter; some are 
3 inches in diameter. Their composition is as follow's:— 

* * • 

TABLE XX.-KNALYSW OF IIUSSIAN PHOSJ>HOKlTE NODULES. 


• 

Per cent. 

PhoBpliate ot lime 

75-00 

Carbonate of lime up to . 

12*23 

Calcium fluorMe * . . . 

f)*y8 

Sulphate of lime 

1*00 • 

i'hoRphate of^magnesia up to 

. 1*30 

Oxides of iron and aldhiina 

5-00 

Organic matter .... 

1-00 


• , 

The richest jnd most extensive phosphatg deposits are those 
■of Central Eussia. They occur chiefly in the governments of ^ 
Podolsk, Kosltroma,B«n 5 lensk, Koursk, Woronesch, Simbirsk, Tam-' 
ibew, an^ on the banks of thd Volga, from which they trend towards 
the West as far { 1 % Niemen; they occupy a surface of 20,000,000^ 
hectare>(50,000,000 acres). The richest deposits consist in part of 
phosphate of lime, mixed -with organic matter. According to a 
recent announcement it has been found that the building-sto'ne 
jused in*the whole diatrict is nothing but phosphate of lime. That 
is a highly interesting fact. The phosphorite contains;— 
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TABLE XXL—ANALYSIS OF CENTRAL RUSSIA PHOSPHORITE. 



Per cent. 

Water 

•...., .510 

Phosphoric acid 

Lime 

? 27-4.5 

.4.S-00 

Carbonic acid . 

.4*60 

Oxide of iron 

.. »-40 

Oxide of alumina 

.'l-O!! 

Sulphuric acid . 

.104 

Fluorine . 

.0-4f 

Silica 

.lB-8‘2 


These immense deposits are not utilized. They i^e to all ap¬ 
pearance destineJh to form the reserve from which Europ* will 
draw when the deposits tiow being utilized will be exhauiited. 

• VIII. Spain.— There exist in the provinc# of Estremadura ex¬ 
tensive phosphate deposits, forming well-defined veins. At Log- 
rosan the veins occupy a space of 12 to 20 square miles travei-sing 
the granite and the Silurian schists and contain only phosphate 
and quartz. The phosphate is apatite. It occui-s as regular, 
genially dull hexagonal prisms of a yellowish or greenish colour, 
and unequal. It is found in its gangue first as more or less 
voluminous, crystalline fragments of 0'2 to 1 inch in length, then 
as crystals almost invisible to the naked eve, and distributed 


TABLE XXI. (*).—ANALY.SKS OF SAMPLES OF ESTUAMADWRA 
PHOSPHATES. 


• 

Apatite ex¬ 
tracted from 
Granite. 

K- 

si 

Phosphorite 

Fibrous 

Karthy.^ 

, i 
—* £ 
eS "I 

^ O V 

"si . 

r*? 2 • 

Wc a 


Crystallized. 

Crystalline. 

5 £ 

.a o 
Ci.i3 

6 

JS 

Ektracted 
from Schist. 

. 

'is a 

3 

W.2 

i « 

Isa 

o i; 




• *0-25 

0*16 

0-05 

0-85 

• 

0-90 

Iricalcic phosphate 

93^2 

89-68 

78*16 

87-21 

74-4» 

80-77 

79-416 

Calcium fluoride . 

5*44 

6-38 

2*18 

8-00 

3-08 

J.'03 

4*53 

Calcium chloride . 

0-31 

_ 

O-IO 

— 


traces 

0-05 

Carbonate of lime. 

_ 

_ 

11-30 

.1-1^ 

20-46 

17-00 

13-64 

Sulphate of lime . 

_ 

_ « 

0-92 

traces 

traces 

traces 

* traces 


0-30 

1-90 

5-60 

.2-00 


0-10 

0-20 

'Oxide of iron 

_ 

1*X5 

1-10 

0-84 

0-50- 

o-otk 

• 0-90 

Oxide of alumina . 

_ 

1-30 

■ traces 

tmceB 

— 


— 

Manganese dioxide 

_ 

0-39 

traces 

traces 

traces 

0-17 

traces 

Undetermined 

• 

0*13 

0-15 

0-34 

0-64 

,0-42 

• 0-33 
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through the magma of the rock. The Caceres deposits are more 
extensive, hut the material^ is less rich in phosphoric acid. The 
veins traverse a compact limestone regarded as Devonian, atd 
disperse themselves in the subjacent schists with thinning^out zones 
in contact. Phosphate veins also occur in Silurian schists 
which extend to the north of Alcantara, province of Caceres, of 
BadajoE, Efv#*!, Zarza Mayor, Albala, Montanchez, Majadas, 
Malpartida, Ceclavin, as far as Portalegre and Morvao in Portugal. 
The'size df the veins varies from 20 cm. (8 inches) to 8 metres (25 
feet). The phosphate and the containing rock are of the same nature 
as at Logrosan. The composition of Estremadura phosphate varies 
very considerably, as the very complete analyses^! Schucht repro¬ 
duced on previous page show. (See also p. 62.) 

IX. Horth America. —There are four centres of phosphate 
production in North kmerioa, viz. Canada, South Carolina, Floriifa, 
Tennessee. In addition to these, deposits of less importance occur 
in North Carolina, Pennsylvania, Massachusetts, Indiana, Kentucky, 
and Alabama.' 

Canada .—Deposits of apatite, crystallized in pockets arj^ in 
veins, are wrought in Canada. The pockets of apatite are met 
with in beds of pyroxenite of variable magnitude but of great regu¬ 
larity in stratified conformable layers in the gneiss. The paleozoic 
limestones on which^this gneiss lies are of the Laurentian age. The 
gneiss is itself pierced by numerous crystals of apatite. Apatite is 
found jn the province of Quebec, at Templeton, Buckingham, Port¬ 
land, Egonville, Lievre-river; in the province of Ontario, at Leeds, 
Lamarck, Fjntenac, Addington, Kingston, Perth, and Eenfrew 
County. The most important deposits are those of North Burgess, 
South Burgess, and Notth Emsley in Lawrence County. 

The following are three anwyses of Canadian apatite by Dr. 
Voelckerr— 



I. 

II. 

• III. 

Mois^re, water ol*oombinatioii 

and losB on ignition • 

0-62 

O-IO 

0-11 

Phosphoric acid ^ . 

33-52 

41-54 

37-68 

ijiide *. 

46-14 

54-74 

51-04 

Oxides of iron and alumina, 

• fluorine 

• • 

7-82 

• 3-03 

6-88 

Silica « • 

11-90 

0-59 

4-29 


100-00 

100-00 

100-00 

^ Equivalent to tribasic phos¬ 
phate of lime . . • . 

73-15 

90-68 

82-26 

^Excess lime over the amount 
! required to fogm tribasic 

phosphate 

6-50 

5-60 

6*4? 
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The utilization of Canadian phosphates is embarrassM not offly 
bK the depression more or less transitory in the price of the material, 
but fvfbher and still more by the •irregular m<^e qf occurrence of 
the deposit, and the obligation created by the dearness of freights 
and the tariffs imposed in foreign countries of only regarding as 
marketable and fit for export products containing 80 per cent of 
triba^ic phosphate. Now this content cannot be sdeured Except at 
great expense, and an enormous waste of low quality material which 
being unutilizable is piled up on the outskirts of the mine?. In’fact, 
no mineral with less than (50 per cent is of any value in Canada, 
as not being capable of paying for the freight. Trials have been 
made with the \(kshing processes, with the result th(tt certain de¬ 
liveries have tested 87'83 of tribasic phosphate of lime’. That is the 
l^ighest figure attained in Canada but w'orkiqg has ceasetl for some 
years. 

Sotith Carolina .—The South Carolina phosphate deposits oc¬ 
cur in Miocene strata from the Chai'leston basin as far as North 
Carolina, Georgia, and Florida. They are very extensive, and the 
nodBles of phosphorite extracted therefrom are very similar to 
those which exist in Central Russia and in the London Basin. 
They were discovered in 18(i9, i.e. long before the other North 
American deposits. The Carolina deposits extend along the coast 
with a breadth of 10 to 45 miles, from the sourt^of the River Wando 
and from the eastern arm of the River Cooper, which both •flow 
into the Atlantic at Charleston as far as the sources of Broa^ River. 
They are often found on the surface of the ground. At other times 
they are covered with sand and clay deposited by (lilqvial water. 
The rock phosphate is distinguished from the •liver phosphate 
{Land Phosphate and 'liiver Phosf/hate). the first is usually found 
10 feet from the surface, the second on or under the Jjecis of the 
rivers. In colour they vary according to their origin. That of the 
rock phosphate is yellowish or pale grey.* River phosphates are 
black o^ing to the presence of organic matter. The phosphbrito 
occurs as nodules or balls, with a rugose^urface,*and smooth or pitted 
sometimes shining-as if enamelled. It is often mixed with shells, 
petrified bones, the teeth of terrestrial and marine animaiis. • The 
diameter of the lumps varies from a few centim|tres to 1 metre. 
Before the discover^ of the Florida phosphates, the South Carolina 
► deposits furnished about one-fiftb of the voorld’s Consumption. 
, The product was perfectly suitable fer.tfiaking superphosphate^ 
■with 13 per cent of phosphoric acid = 28'4 per cent soluBle phos- 
•phate. The annual export amounted to 150,Clt)(? tons. B^t since 
1890, Florida has continued to increfise its production, and the 
low price caused thereby has led a certain number of those engaged 
in the industry in Carolina to shut down.. Since that time the 
Cafolina production has continually diminished. The average 
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cofejpositioli of South Carolina nodules is the following according 
to Dr. C. W. Shepard of Charleston:— 

* 

TABLE XXII.—‘average COMPOSITION OF CAROLINA PHO^HATE. 


Phosphoric acid. 

Per cent. 

, . 25 to 28 

9arbom%>t(cid ..... 

. 5 11 

Sulphuric acid. 

Ijiiwe. 

. 0-5 „ 2 

. 35 „ 42 

Magnesia. 

. traces to 2 

Perric oxide. 

. 1 to 4 

Fluorine. 

. 1 „ 2 

Sand and silica. 

. #’4 „ 12 

Organic matter and combined water . 

. 2 „ 6 

Moxstuie. 

. 0‘5 „ 4 


The output of South Carolina increased from 12,262 tons of 
phosphate rock in 1868 to 618,569 tons in 1893, and then steadily 
contracted to 169,156 tons in 1911. Most of it is converted into 
supei’phosphate locally since the high cost of production inhibits 
export.’ • • 

Florida .-—This peninsula of the American continent contains, 
throughout its whole length, phosphatic deposits of great magnitude, 
which were not utilized prior to the year 1890. Dr. Simmons of 
Hawthorn in 1879 discovered that the chief quarries of building- 
stone »of Central Florida contained a considerable amount of 
phosphoric acid. Again, Francis Le Baron, a French engineer of 
^Jacksonville (Fla.), discovered in 1884 the deposits of fossil bones 
forming tho baa's of Peace Riyer, and also sent at the time several 
barrels to tbe *Bmithsoj)ian Institution in, Washington. This 
engineer returned to the district hi 1886, made measurements and 
estimated the profits to be drawn from the working of these 
superficial deposits. When these were published. Col. T. S. 
Menchald installed ifi 1887 phosphate works to exploit the podules, 
and sent his first delivery to the Scott Manufacturing Co. of Atlanta, 
Georgia. * In June, 1889, .ilbert Vogt "discovered the hard rock 
phosphate in sinking for water about twenty miles S.W. of Ocala, 
a sm&ll "town in Central Florida., Tbe Dunellon Phosphate Co. 
was then formed Jo buy and exploit ‘several thousand acres on the 
‘alignment of the h^rd rock phosphate. Since that time the different 
kinds of pholphatq (Is, rocks, and as nodules, have been actively 
4 )i» 8 pect^d for, and rec’ognined over a tract 200 miles long by 6 
miles in width, ijlys belt is developed, parallel with the coast of 
Plorida,,at an average dista*noe of 26 miles, and extends from the 
district of* Richland, Pasco. County, to the north as far as the 
environs of the River Apalachicola, bending towards the west and 

t 

' W, H, Waggam&n, Bull. U.S. Dept. Agrio. No. 18, 1913. 
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the south. The most important deposit of nodules (Land Pebbles) 
was discovered in 1890, in the neighbourhood of Bartow (Palk 
Couity). As far back as 1892, both rock phosphates and nodule 
phosphates were known of varying composifion and values far 
beyond the rivers Apalachicola in the west and north; and 
Caloosabatchee in the south. Throughout all tj^ese districts, 
representing a length of 400 miles, the exploflfction has been 
followed up with feverish enterprise, and the quantities marketed,* 
not only in the United States but in Europe, have rapidly increased. 

Description of the Deposits.—Jfonr kinds of phosphates are 
differentiated by the following names, vix. Hard Rook, Soft Phos¬ 
phate, Land PAbles, River Pebbles. ' 

Hard Rock .—Rock phosphate as a type is hard, coyijmct, with 
^ fine homogeneous grain, usually pale yellow with irregular 
cavities, often coated with mammillary concretions of phosphate of 
lime. These cavities are sometimes filled with amorphous phos¬ 
phate of argillaceous aspect, due to the transport by water of 
particles of phosphate in suspension. The hard rock deposits of 
th«*Eocene ai'e concentrated in a narrow.belt about 344 miles long, 
almost parallel with the West Coast of Florida, and at a distance 
from the sea varying between 25 to 50 miles. Taken as a whole 
hard rock occurs as a conglomerate of boulders, cemented by a 
gangue, consisting of phosphatic sand, clay,er other detritus from 
the disintegration of the hard rock, and which constitutes the 
soft phosphate. The magnitude of these deposits of hiJrd rook 
vary considerably. Near Dunellon they are often 40 to 50 feet* 
thick, elsewhere only 5 to 10 feet. ^On certain point* phosphate 
is found on the outcrops, especially in Jjevy County, but more 
often it is covered by a layer of s*nd 10 feet thick. There are two 
kinds of rock phosphate, solid rock and laminated rook.* The solid 
rock is more or less homogeneous, of a white, grey, or yellow colour, 
sometimes deep blue or black, but more ofteir it is marbled. The 
hard ro8k of good quality contains 77 to 82 per cent of phosptate 
of lime, and 3 per cent of oxides of iron and alumina. An 
analysis of a fine sample of hard rock gave the following figures:— 

TABLE XXIII.—aXALYSIS OP .» FINE SAMPLE OF HARD ROCK 
• PHOSPHATE. • 



^ cent. 

Water . 

. • . 0-92 

Calcium fluoride . 

^.44 • 

Phosphate ot lime 

.88*14 

Carbonate of lime . 

. • . 3*68 

Oxide of alumina . 

. , . . 1-62* 

Oxide of iron 

.. . 2*26 

Silica . • . 

.4*13 • 


« 


3 


10000 
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The analyses of two cargoes o£ 800 tons each, from the Blue 
River Phosphate Co., gave ^ 

TABLE XXIV.-ANALYSES OE HAliD ROCK BLUE RIVER PHOSl’HATE. 


I. II. 

1 }'er cent. Per cent. 

Water . 0 -ry 2 2-80 

I’llopphate of lime .... 81-511 78-19 

Oxides of iron and alumina . . 2-Oli 2-95 


The laminated rock, the crevices of which are generally filled 
with clay, rarfely sand, frequently contain 5 to 8 jfer cent of clay, 
from whicli it is partially freed by roasting, grinding, and sifting. 
It then contains not niore than 3 or 4 per cent of oxides of iron andj. 
alumina. The material passing through the sieve contains as 
much as 10 per cent of clay, and is utilized in the country itself. 
This roasting of the phosphate is carried out in a very primitive 
manner: on a layer of wood 1 foot thick is placed a layer of phos¬ 
phate 3 to 4 feet thick, and fire applied. This method, although 
economical, yields a bad product. Whilst the phosphate of the 
lower layer is sufficiently roasted, that on the top is barely dried, 
and the whole becomes mixed with ashes and pieces of charcoal. 
But the roasting hatsi little effect on the moisture content of the 
phosphate; mere exposure to the open air allows it to regain 1 to 
3 per celit. 

'I Plate Hock or Sheet Hock .—This kind of phosphate is the most 
interesting uf all. It is fouivd near Ocala, especially near Anthony, 
Spar, and MontSigne. It occurs as small tablets, as large as the 
hand, of irregular shape, one toi several centimetres thick, of a 
white or brownish-yellow colour. The heavy, brittle fragments are 
the richest in phosphoric acid, whilst the soft light fragments 
contain the most clay. ' The sorted pieces contain sometimes as 
much as 80 per cent of phosphate, and only 1 to 2 per' cent of 
oxide of iron and alumina ;,jhe average-Ireing 74 to 78 per cent of 
phosphate of lime, with 3 to 4 per cent of oxide of iron and alumina. 
This 'high h-on and alumina content is derived from the gi-avel 
mixed with it, which forms irregular fragments of phosphate, the 
'■crevices of which are filled with clay. The plaoe rock rests always 
on the dolonlitic limestone, which forms columns and irregular 
'* 00068 . ,The cavities cOnfaiEed between these columns are filled 
with phosphate, mixed with sand or clay. In certain places the 
phosphiUe bed is very pure; containing 50 to 80 per cent of pure - 
phosphate. The superficial layer of sand is usually of moderate 
thickness but it sometimes reaches a depth of 45 to 50 feet. 

So/t Phosphate.—Hhete is known under this name, in Florida, 
a phosphatic clay of soft, friable, or plastic consistency, with a very 
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variable moisture content, which constitutes the gangue between 
t^ie pebbles. As the following analyses show, a small portion of 
its pfiosphoric acid is soluble in whter and in oitrat# solution:— 
Soft* Phosphate of Palk County .'—Water 8'55 percent; phos¬ 
phoric acid, total 28'9 per cent, of which 0'87 per cent is soluble 
in citrate (Wagner’s method) and 2-05 soluble in pjtrate (Peter- 
mann’s method) ; 2'83 per cent of oxide of iron, anS 0'86*per cent 
of clay. ■ , ■ , 

Soft Phosphate of Alafia Creek .—Water 5'8 per cent; phosphoric 
acid, total 9'4 per cent, of W’hich 0'62 per cent is soluble in water ; 
oxide of iron 7'5 per cent; clay 10'26 per cent. This quality of 
phosphate is us5d directly as manure, after being finely groijnd. 

liiver Pebbles are found in several rivers of the wpst part of 
f’lorida, chieHy in Peace River and Alabama River, where they 
sometimes form considerable deposits. This phosphate can be 
extracted more cheaply than any of the others. Powerful dredgers 
fitted with centrifugal pumps lift the sand and pebbles; these are 
afterwards separated from the sand by a slightly inclined rotary 
sie*e consisting of iron rods. The sand passes through the 
meshes, and returns with the water into the river, whilst the 
phosphate issues from the sieve at the lower extremity, mixed with 
stones and pieces of wood. It is taken to the dryer without further 
cleaning. The daily yield of a dredger vaties according to the 
quality of the material lifted by the pump. Thus on certain points 
of the river the phosphate is very pure, whilst on others •nothing 
but sand is found. Some days 100 tons of phosphate are collected, 
other days only 20 tons. The installations at work on Peace River 
produce on an average 50 tons of phosphate per cfty. The cost of 
extraction of river pelibles is in gcaieral not heavy, but the cost price 
per ton exceeds a dollar on an average. The water* of Peace 
River incessantly bring phosphates to certain points, and remove 
it from others. Whatever may be the impdrtafnce of the deposits of 
Peace ^iver phosphates, they are not inexhaustible, and the fime 
is not far distant when theynvill cease tckbe workable. Rivir pebbles 
are iq the form of nodules, the size of which varies from sand 
grainsHo nuts. The corners are rounded, and the surface*is’often 
polished and brilliant. The tblour is dark-grej, blue, or black. 
The land pebbles, fi*bm which the river pebbles pre formed hjl the 
‘scouring action of the water, are generally na3e. and "it is believed 
, that the black colour of the river pebbles comes from thq tannini 
of the plants which grow *on the banks of the,rivers. Analysis 
•reveals no difference between the two jihosphates. Both hpve the 
same composition, 65 to 70 per cent of phosphate of lime, with less 
than 3 per cent of oxide of iron and alumina.' The impurities found 
mixed with river pebbles have, how’ever, the «ffect of reducing the, 
phosphate of lime to between 60 to 65 per cent. 
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Land Pebbles. —All the country between Peace Elver and 
Alafia Elver, In the counties of Polk, Hllsborough, de Soto aij^ 
Manatee, contain phosphate deposits. The richest region Is strip 
of land about 160 square miles, between Barlow, Forte Meade, 
Chlcora, and Callsville. The land of this district Is flat like all 
South Florida, with low undulations here and there. Under the 
surface bed of'*sand, phosphatic clay is found almost everj-where. 

' As already mentioned, land pebbles are not very diSerent to river 
pebbles, ^hey are paler and purer than the latter; and the phosphate 
of lime content may reach 72 to 75 per cent, with an average of 66 
to 68 per cent, with 2'3 per cent of oxide of iron and alumina. A 
typicaj sample gave the following results:—• *' 

TABLE XXV.—AI^LYSIS OF LAND I'EBBLE PHOSPHATE. 

l‘er cent. 


Phosphoric acid . . . . - . . . 38*61 

Loss on ignition ....... 0*73 

Lime ..48*08 

Oxide of iron . ^ . . . . . 1*20 

Oxide of alumina.1*88 

Magneeia ........ -5 *.'54 

Carbonic acid. ....... 2*29 

Silica. 7*15 


Tennessee .—As early as 1892, the presence of a very ex- 
ten8iiJ'e,.phosphate level in the south of the central region of Ten¬ 
nessee, chiefly in Mount Pleasant County, in the districts of Maury 
and ,PeiTy,^was discovered. The bed is found below the Devonian 
schists of Chattanooga. Thaj phosphate occurs ^in two distinct 
forms; in the upper purt, that._ is to say, immediately below the 
greyish-blue shales of Harpeth, phosphatic nodules are found, 
then comes a bed of black schists termed Chattanooga, and finally 
a uniform bed of al;)out 1 metre in thickness of rock phosphate 
jesting directly on limestone, which ends the formation. «Samples 
of this rock phosphate from the best-known localities gave the 
following average results (D. Levatt):— 


tAbCE XXVI.—ANALYSIS OF TiplNNESSEE 

BOOK PHOSPHATE. 


1 Per cent. 

PhoBjCioric'acjd. 

. 26*74 to 

31*94 

Oxide of iron ^ ^ 

. 2*82 „ 

6*92 ' 

insoluble matter . ^ . 

• 2*70 „ 

7*06 

Lime.‘ . 

. 29*60 „ 

41*80 

IBulphur *. 

. 0*00 „ 

4*00 « 

^^G.rbonic acid, (CO^) .... 

. 0*00 „ 

1*60 

Moisture ...... 

. 0*20 „ 

0*60 


Remarks on the Actual Condition of the Phosphate Industry in 
America .—In the Southern States of the Union, there is a manifest 
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tendency to concentrate businesses into the same hands. Thus for 
Ae hard rocks of Florida, there ivere'70 declarations of exploita¬ 
tion in 1902, 60 in 1903, 18 in 1904, 14 in- 1905, and 16 in 
1906. On the exploitations declared in 1906, 10 were at work, 
3 idle, and 3 in preparation. The total amount of rock phosphate 
maNceted in 1906 was 2,080,957 long tons, the value JiSing 8,597,437 
dollars, against 1,947,190 long tons in 1905. The production of, 
Florida alone reached 62'4 per cent of the total produstion of the 
United States. The exports of hard rook were 565,953 long 
tons in 1906, against 595,491 long tons in 1905; these ligures, how¬ 
ever, exceed th^e of previous years. The exports of land pebbles 
to America and foreign ports reached 482,232 long- tons, against 
385,915 in 1905. River pebbles were not exported in the two last 
^ears. The South Carolina output has contihually decreased since 
1893. The production of Tennessee rose in 1906 to 528,888 long 
tons. Tennessee phosphate occurs in three varieties, which are 
the blue or black rock, the brown, and the white. The quantities 
mi^-keted in 1906 consisted of 93 per cent brown, 6'5 blue, and 0'3 
per cent white. In the west part of Putn^m County, a new deposit 
of blue rook phosphate has been discovered. This contained on 
on an average 65 to 75 per cent of tricalcic phosphate and only 
5 per cent of oxides of iron and alumina.^ Amongst the other 
phosphate producing states, during the years 1901 to 1906, may be 
mentioned North Carolina, Pennsylvania, Arkansas, an^ Idaho. 
But the production of these states was very low, except Idaho., 
North Carolina produced 45 long tons in 1903, Penns^ylvania 100 
long tons in J904. In Arkansas the produotion continually 
increases, though slcfwly. Idahp promiifts to become a big pro¬ 
ducer of phosphates. The bed, at a certain place, has a thickness 
of 85 feet; the main bed is 5 to 6 feet thick. 

X. Africa.— Tunis and Alijeria .—These t.wo countries contain 
enormotis deposits of phosphates. As far back as 1873, Thomas 
discovered the existence in. the region south of*the Tell, im the pro¬ 
vince of Algeria, ota Suessouian formation, rich in phosphate of lime. 
In 18ii6, the same geologist, after a scientilic expedition, published 
his first researches on the phosjHiate beds of the Regency. He had, 
more especially, examined the deposits in the fieighbourhood of, 
Gafsa, in Tunis, showing their continuation through the South 
Algerian region. The phosphate of tjiesip^fegions is found at the 
base of the Eocene in contact with the Cretaceous, from Which if 
• is separated unconformably by black nwddy clayS of variable thick¬ 
ness saturated with chloride of sodium and gypsum,•ifith the 
characters of silica. These phosphate*beds consist of alternations 
of marl and nodules of phosphatic limestone^ covered in rtie south 
of *the Regency by a bed of shelly limestone, which gives place W 
a thick formation of nummulitic limestone as it ascends to the 
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north. The phosphate beds become at the same time more sandy 
and glauconitic. ' , i- 

Marly Phosphate in Nodules .—The phosphate of lime occurs in 
nodules: in the foliated and generally highly gypsiferous marls 
which alternate with limestone beds. Teeth and debris of saurians 
and fish,are fo,und therein. These marls are unctuous andgusasy 
to the touch, and contain as much as 7 to 8 per cent of organic 
matter tha composition of which has not been closely examined, 
but which does not dissolve in carbon disulphide or in benzine. 
These foliated marls often pass to a nodular structui’e. They 
contain irregular layers of phosphatic nodules ^vhich occur in 
variouo sizes and shapes, generally rounded or striated, covered 
with a shining brown crust of characteristic appearance. The large 
nodules which are mbt with in these conditions, and which havfe 
the appearance of enormous coprolites, are on the contrary very 
poor. The phosphate is entirely concentrated in the shining sur¬ 
face crust, the internal portion being limestone. The small 
nodules of identical appearance, on the other hand, may contain as 
much as 70 per cent of pTiosphate. The phosphatic marls contain 
besides phosphates, small interstratified crystals of gypsum, nodules 
of celestine, strontium sulphate, and alkaline salts. 

Phosphatic Limestones .—These phosphates alternate with the 
nodular marl. They occur in the form of a granular, rather friable 
rock, the colour of which varies from a yellowish-grey to a greenish- 
brown. The quality most appreciated may be crushed easily between 
‘ the fingei'S, and its density does not exceed 2 for the rock f?! situ. 
This rock is fornjjed by the agglomeration in a more or less calcareous 
cement of many fine grakis of all shapes; sonve round, covered with 
a brown, brilliant crust, consist essentially of yellowish phosphate 
of lime. With an ehrthy fracture, or of fibrous appearance; the 
others, grass green, of scaly texture or in very small masses, of a 
scoxiaceous or corroded appearance, recall, by their appearance, 
certain glauconites, t- There also occur very small grains of hyaline 
angular quartz, and chemitial analysis always shows in this rook 
an appreciable amount of free or hydrated gelatinous silica ; fj'nally, 
it is also very rich in organic debris, such as coprolites, similar to 
thosp of the foliated marls, fish or saurian teath and bones, more 
or less disintegrated^. When the calcareous element predominates 
in this rock, it becomeS'greyish, and then much resembles the grey 
•chalk (calcareous tufa) of Cfply. These bands of phosphatic lime¬ 
stone are extensive, occupying a very variable position in the • 
differenJ'"(leposits, although a constant feature of each of them. 
Their thickness varies frorii only a few centimetres up to three 
metres and more, which they maintain without interruption over 
distances of 60 to 60 "km. (western chain of Gafsa). The deposits 
may be divided into four main groups. 1. Those of the Tebessa 
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district; 2. Those of the district of Setif: 3 Those of the Ouelma. 
ftistpict; 4. Those of the Ain-Bejda district. They contain 24 to 
30'5 p^' cent of phosphoric acid. • 

T.\BLE XXVII.—COMPLETE ANALYSIS OF AN ALOElilAX 
PHOSPHATE. 


Moisture. 


•5-08 • 

Loss on ignition (7*5 per cent CO.,) 


ii-2r> 

Phosphoric acitl. 


80-88 

Calcium oxitle. 


40-58 

Sulphnrft acid. 

• 

2-01 

Oxide of iron. 

. • 

0-8‘.^ 

Oxide of alumina .... 


-0-47 

Magnesia. 


1-01 

Potash. 


0-15 

Insoluble, etc. 


1-85 



100-01 

T.ABI.E XXVIIL—ANALYSES OF TWO'SAMPLES OF 

DJEBEn 

GOUllNIA PHOSPHATE IN THE NATl 

llAI. CONDITION. 


I. 

II. 


'Vr cent. 

iVr cent. 

MoiHtUl'E ....... 

b‘G4 

H'18 

Organic matter. 

1-24 

1)*52 

Silica. 

«'80 

5-00 

Phosphoric acid ’. 

24'‘.m 

27-01 

Carbonic Acid". 

H -ryi 

7-BO 

Idnie.• . 

4tL12 

4.7-40 

Magnesia *. . . . • •• 

o-n 

0-08 

Manganese ........ 

traces 

traces 

Fluorine. 

4-0 

4-10 

Calcium chloride. 

H-22 

8-48 

Oxide of iron.« 

O-'JH 

0-80 

Alumina. 

' 0*20 

O-JO 

J Equal to tribasic phospliitto of lime ♦ 

54-42 

58-OG 

Jl’hosphate of Ifine on the dry Kiimple , 

58-HO 

04-05 

"Cqual to carbonate of lime .... 

10-84 

l»-57 


Egypt .—Several extensive deposits of phoSphates have, beeg 
discovered in Egypt and are now being worked. •One of these 
areas is near the Bed Sea, from whtjpc^ the rock is conveyed by a 
20 mile railway to the c«ast at Port Safaga, at which* place tlfb 
rock is loaded for shipment abroad.. The phssphate cpntains 65 
per cent and upwards of phosphate of lime. Other deposits are 
found at Kosseir and at Sebaia on the eastern bank of the Nile be¬ 
tween Keneh and Assouan, and extensive concessions have been 
obtained by an Italian company for working these deposits. "A 
light railway was under construction in 1914 tor connecting the 
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deposits near Kosseir with the latter place, while at Sebaia the 
rock is to be conveyed down to t,he Nile by means of an elevated 
ropeway, to boate for conveyance to Alexandria for shipmet^t. 

According to the Government Survey Department the total 
output of phosphates in Egypt was as follows: 1908, 700 tons; 
1909, lOQO toBs^aOlO, 2397 tons; 1911,11,925 tons; 1912,69,068 
tons; 1913 (estimated), about 103,000 tons, almost all of which 
*came .from the Red Sea area and practically all of it was shipped 
to Japan. No superphosphate is at present made in Egypt owing 
to the difficulty of getting the acid required, but there is a good 
demand for it, the imports being about 13,000 tons. The manu¬ 
facture eof superphosphates locally has, however, been under con¬ 
sideration, using pyrites from Greece. There has been a reported 
discovery of pyrites fti the Sinai peninsula which may also be*^ 
available.* 

XI. Asia. —It has also been found in Palestine, to the west of 
the Jordan, near to the route followed by the caravans going from 
Damascus in Arabia, and testing 80 per cent of phosphate of lipje, 
with 1 per cent of iron arid alumina, and 10 per cent of calcium 

• fluoride. These deposits are not yet exploited commercially. 

XII. Phosphates of Oceania.— There are found in certain isles 
and on the American Pacific coast considerable deposits of phos- 
phatiq. material. Like' Peruvian guano, which will be dealt with in 
the sequel, they are of animal origin, but they differ essentially from 
Peruvian guano owing to the almost complete absence of nitrogen, 
Vhich they have lost by decomposition and the influence of climatic 
conditions, hkvinjpbeen carriedtaway by rain and percolating water. 
All phospho guanos resemkle each other in their composition. They 
consist mainly of phosphate of lime, the content of which varies 
between 65 lind 80 p6r cent and about 12 per cent of water. They 
moreover contain from 1 to 13 per cent of carbonate of lime derived 
from the coral limestone which serves to them as substratum, and 
about 1 pef cent of nitrogen yielded by the organic matters which 
impart to them a colour vaVying from yellow to dark brown. 
Finally s;nall amounts of oxide of iron and alumina, caljtium 
fluoride, and other substances, the pyesence of which, as will be 
descrijied later, inthrferes with the dissolving of the phosphates. 

‘ Phospho Gj/,anos yere formerly the most highly esteemed raw 
material for the manufacture of superphosphates and the most 
eSisily preserved. Unfortunately, most^of the deposits are parti¬ 
ally exhausted, and those which still exist are not now worked, 
owing toiljje fall in price and the scarcity of labour. Phospho 
guanos differ much from each' other in their appearance, their form, 
and their polour. They are met w'ith, most often, in a pulverulent 


> Cham, of Comm. Jour., Got., 1914. 
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state, mixed with lumps, easy to crush between the fingers. They 
sometimes consist of masses, amalgamated with coral debris, some¬ 
times as^crusts, or again in masses as bard as stotie. The chief 
deposits of these phosphates are met with in a great number of 
small islands in the West Indies and the Pacific Ocean, and also 
in the Bay of Mejillones on the West Coast of Sflifth America. 
A rapid description indicating their characteristics will now be 
given. . • 

I. IVesi India Islands, —Redonda Isles, Sombrero, Navassa, 
Aruba, Curasao, Los Roques, Alta Vela, Rata. 

II. Islands ^ the Pacific Ocean. —Baker, .larvis, Malden, 
Fanning, Starbuck, Howland, Phmnix, Sidney, Enderbury, Miaerva, 
Aves, Lac6p4de, Flint, Browse (? Brown), Fluon, Chesterfield, 
Abrolhos, Mona, Cayman, Clipperion, Nauru, Angaur, and Makatea 
Isles, etc. 

West India Islands. —1. Itcdnnda Phosjihate. —This phosphate, 
like that of Alta Vela, does not contain phosphate of lime, but 
hyd|p,ted phosphate of alumina and phosphate of iron. It is thus 
unfit for making superphosphate. It is yellow in colour, more or 
less dark with black points. Its composition is as follows:— 


TABLE XXIX.—ANALYSES OK ltEDONDA»l‘HOSl’HATE. 


Analyst. 


Water. 

Phosphoric acid .... 
Oxide of iron and alumina 
Insoluble.• 


Vuelcker. 'Jkite. 
Per c<mt. Percent. 
. 24-20 21-5() 

. 38-^ .SS-SO' 

. 35 33 32-50 

. 1-11.5 6-.50 


2. Sombrero Phosphate. —Two kinds arp to be dillerontiated -. 
one oolitic in structure and variegated in colour, which contains, 
besides tribasic phosphate of lime, the phosphates of iijagnesia, 
iron and alumina, also silica and alumina; the other has a more 
homogeneous structure, a white or yellowish colour, is ^rich in 
phosphoric acid and oontainingpp addition carbonate and sulpliate 
of lime. This deposit was known in 1814, but it was only in 1858 
that it commenced to be worked, and since that time there lias 
been taken from it during many years excellent phosphate of lime, 
•Containing 75 to 80 per cent qf Ca^PjOg* 1(T per cent of carbonate of < 
^ime, and 2 per cent of oxides of iron t^nd alumina. With regard 
to the quality of the product since it began to be extraetp’d below 
the sea-level, Voeloker gives the following analysis :— 
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TABLE XXX.—ANALYSIS OF SOMBRERO PHOSPHATE. (VOELCKER.)t 

. fc * 



• }'er cent. 

Water * . 

.2SM 

Phosphoric acid. 

.35-52 

Lime 

.47-99 

Oxid^of iron 
•Alumiw/ . 

.3-70 

.7-55 

Magnesia . 

.0-58 

Sulphuric acid . 

.0-36 

Carbonic acid 

. 0-96 

Fluorine 

.0-43 


3. Navas<>a Phosphate .—The isle of Navassa iif of coral origin, 
with •bscarptaents in some places, and eroded by the waves in 
others. Phosphate was worked here as far back as 1856, but jt 
was soon found to be rich in oxides of iron and alumina, and on 
this account was abandoned. It is mostly granular, or in the form 
of grains, the size of which varies from that of a pin-head to that 
of the fist, which are often agglomerated into large masses of almost 
pure phosphate of lime. The composition according to Bretech- 
neider (I) and Gilbert (ll) is given below:— 


I'AliLE XXX (a).— ANALYSES OP NAVASSA PHOSPHATE. 


« 

I. 

II. 

* ^ 

Per cent. 

J^er cent. 

Waiar. 

. 5-73 

3-01 

Combined water and organic matter 

. 4-93 

7-17 

Phosphoric acid. 

. 31-69 

33-28 

Lime \ ^ . 

. 38-00 

40-19 

Oxide of iron . 41 • 

Alumina . . . . ♦ 

. , . ^-25 1 

. 8-81 / 

11-67 

Sulphuric acid ancjl fluorine . 

. 1-10 

— 

Carbonic acid. 

. 2-40 

2-15 

Insoluble matter . ,. 

. 3-09 

2-53 


. • 

4. Aruba Phosphate .—This phosphate occurs as yellowish stones 

traversed sometimes by dark-coloured vfeins and spots. It contains 
about 30 per cent of phosphoric acid, and 6 per cent of oxide of 
iron and alumina. . ^ 

5. Alta VelavPhosphate .—This phosphate has a composition 
* analogous to^hahof Redonda phosphate, as the following analysis 

shows:— ‘ ^ 

A . 

TABLE XXJL—ANALYKIH OF AlI'A VELA PHOSPHATE. 


• ^ j. v! ce? 

Bhosphoric acid 37-00 

Oxide of iron . ‘.24-00 

tMumina . 15-00 

Lime.1-00 

Sssquioxide of chromium.0*75 
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^ 6. Eata or Fernando Noronjo Phosphate. —This phosphate occurs 
as a tfne powder; it also is very riph in oxides of iron and alumina, 
and thug unfit for superphosphate manufacture. If contains about 
26 per cent of phosphoric acid and up to 20 per cent of oxides of 
iron and alumina. 

7. Monk's Island (Caribbean Sea) Phospho G«rt»ip.—This phos¬ 
phate contains 42 per cent of phosphoric acid and only 40 per cent 
of lime. It consists therefore partially of monacid phosphate.' Its 
analysis gave the following results :— 


TABLE XXXft,—ANALYSIS OF .MONK’S ISLAND I'lIOSITIATE. 


y Vr cPnI. 


Nitrogenous organic matter ami combined wHter 

7'GO 

Sulphate of lime. 

H'32 

Phosphate of lime and magnesia 

. 70-00 

Alkaline salts. 

1-88 

Carbonate of lime. 

• } 10-20 

Carbonate of magnesia. 

Insoluble silicions residue . . . 

2-00 

100-00 


The surface of this deposit, which is as hard Js a rock, has no|j the 
same composition as the interior. Thus the bed having been care¬ 
fully analysed yielded 70 per cent of phosphate of lime* on the 
surface, 74 per cent in the centre, and 75 per cent in the lower 
portion. • 

8 . Christmas Island Phospho Oiiano Indian Ocean).—Christ¬ 
mas Island, to the south of Java, Belongs to the Straits Settlements. 
The phosphate deposit discovered there a few years agd is worked 
by a British Company, The Christmas Island I’hosphate Co. Ltd. 
The total bulk of this deposit is estimated at 250,000 tons, jvith 
a percentage of 60 to 90 of phosphate of lima. The saipples re¬ 
ceived in Europe tested 85*per cent of'phosphate of lime with 1’5 
per cent of sesquioxides; and after being rendered soluble^ b^ sul- 
phurio*acid at 53° B., it yielded about 20 per cent of pbospboric acid, 
of which 0’5 per cent was insoluble in water, and 4 per cent free, 
which is moderate. This phosphate is very hard, l)ut,easy to crush' 
after it has been dried, which is indispeijgaffle, since it contains 
5 per cent of moisture. , * . ’ 

, Pacific Ocean /sfes.—There are a series of stnall coral isles in 
the Pacific Ocean, in the neighbourhood of the equator, dglditute of 
all vegetation, which have attracted but little attention. A sample 
was brought in 1853 to America of a non-nitrogenous guano, jollected 
in one of these islands—Baker Island. Soon afterwards it was found 
that the other isles of the same group were equally rich in guano. 
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viz. Howland, Malden, Jarvis, Starbuck, Enderbury, and finally 
the Phoenix Isles, a little further west. As Baker Isle, now for 
the most par* exhausted, yiefded the best guano, tho typical 
guano of the isles of the group, a short description of ft is now 
given. 

Bakff)- Iski7i{i Guano .—Baker island is situated at O'14 of north 
latitude and ft76'22^ degrees of longitude west of Greenwich; 
1750 metres (say 1 mile) long, its width is 1100 metres, and its 
height above the level of the sea is about 8 metres (26 feet). The 
chain of coral rocks which surround it is dry over a surface of 160 
metres. On, this chain is a height of stones, corals, and shells 
whiclvsurround the actual guano deposit.* The vegetation of the 
island only comprises rare species. The bed of guano is 15 cm. (6 in.) 
thick on the shore, arid 1'60 metres, say 5^ feet, in the centre. Ifs 
surface is plane, and it occupies a surface of 62'5 hectares, say 156J 
acres. The coral isles are the refuge of sea fowl, which come 
there to make their nests and hatch their eggs. Their excrements, 
the food which they bring there (fish and other marine anin»ls), 
and finally their dead bodies, give rise to the formation of guano, which 
is, therefore, constantly in course of formation. Judging from its 
method of formation, this guano, like that of Peru, to be described 
later, should be very rich in nitrogen, but this is not the case. 
Although rain is genaally a rare phenomenon in these tracts, yet the 
guano is constantly washed by the waves, which are continually 
broken against the coral chain which fringes the islands. To this 
has to be added the heat of the day, which is very intense. Owing 
to the inteflse bacterial action the nitrogenous matters are rapidly 
decomposed, producing ammonia and nitric acid ; the first is carried 
away by the wind, the second is converted into nitrate of soda, 
which is Ibst in solution in the water of the ocean. All the Pacific 
guanos are met with as.a fine pale or dark brown powder according 
to tjieir percentage of moisture. The brown powder is mixed with 
larger w,hite granules, consisting for the most part of phosphate of 
ammonia and magnesia.^ According to an analysis of Liebig, Baker 
Island guano contains:— 

• • 

i The Pacific ISles are all protected on the sides of the prevailing winds by 
‘ a chain of oorayigainst which the waves of the sea break. ^ 

=^lt follows from *at^ researches, that the magnesium phosphate in 
,the guano is not tribasic mft'moiiacid; only traces of carbonate of lime were • 
found therein. The composition of the guanS is slightly modified since it has 
been worljed in an Intensive manner. A few per cents of carbonate of lim# 
are alwa^ found in it, and only 75 per cent of tribasic phosphate of lime. The 
above analysis is typical of this Class of guanos when they do not contain large 
amounts of gypsum, sand, and analogous impurities as do certain guanos from 
Jarvis Islknd. • 
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TABLE XXXIII.-ANALYSIS OF BAKEK ISLAND GUANO. 


'SribaBic phosphate ot lime .... 

Per cent. 

. * 7K'7!) 

Tribasio phosphate of magnesia . 

B-12 

Iron phosphate. 

0-12 

Sulphate of lime. 

. , 6-13 

Alkalies. 

. * 0-8.5 • 

Chlorine. 

0-13 

Ammonia. 

O-OT ■ 

Nitric acid. 

0-45 

Water, sand, etc.. 

lii-34 

• 

100-00 


Baker island was the first island in the Pacific Ocean in which 
guano was discovered and exploited. The deposit is now partially 
exhausted. 

Other isles in the Pacific Ocean contain vast quantities of 
phospho guano, similar in composition to that of Baker Island. 
BuWthe greater part of these deposits are only of historical value 
seeing that, if they are not exhausted, tBeir output is but small. 
Thus taken altogether the deposits of Baker Island, Lacepede, 
Malton, and Pelsart, would appear to be far from exhausted ; they 
probably still contain enormous quantities,of guano. But the 
greater number of the islands have been abandoned, becausw the 
cost of working and freights are too high compared with th(* selling 
price of the guano, which latter cannot at the present time compete 
with mineral phosphate. • , 

Jarvis Gnaw is a mixture of powder, hard plates, and some¬ 
what friable stratified fragments. ,-The plAes have a procelain-like 
character sometimes semi-transparent and have already been found 
in analogous guanos. Perfectly dried in an oven at 100“ C. (212“ 
F.) these fragments preserve their appearamce. By detaching the 
stalagmites, which cover the plates, it has been found that the latter 
owe their semi-transparent appearance to th6 hydration of the 
phosphate of lime,-which has evidently been precipitated very slowly. 
The p'kosphate so hydrated cannot, in fact, lose its water, axcapt at 
a red heat, and the hard Jarvis plates dried at 100° C. still contain 
11 or 12 per cent, which analysts have often confounded with organic, 
matter, since it is lost when the manure is ignited* after simple 
drying in the oven. This physical stated the phosphate of lime 
may be understood by considering the phenomena which have sue-* 
'cessively led to the evaporation of the nitrogenou# substanqes in the 
guano. Such phenomena cause the partial solution of the pffosphate 
of. lime, then later on, its slow precipitation by the ammonia 
liberated, hence the explanation of the stalagmites and the h^'dration 
so Conducive to the solubility of the manure in the soil. 










16 * CHEMICAL MANURES 


'TABLE XXXIV.—ANALYSIS OF JARVIS GUANO. 


• 

Per cent. 

Phosphate of lime SCaO.P^Ou = 17*3971 
2 Ca 0 ,P 205 = 16 026 i 

■ 33-A* 

Phosphate of magnesia. 

1-241 

Phosphate of iron. 

0-160 

Snlphltc lime. 

44,549 

Sulphuric acid, potash, chlorine 1 

Organic matter and water J 

20-880 

100-253 


The following are some analyses of phospho guanos by Dr. H. 
GilbeA:— 

TABLE XXXV,—Analyses of fanning island guano. * 


Water ... 

Per cent. 

8 0 

or 

Water 


Per cent. 
8*00 

Carbonic acid . 

1*30 

Carbonate of lime 


2*97 

Sulphuric acid . 

019 

Sulphate of lime . 


0*3» 

Phosphoric acid 

‘34*16 

Tribasic phosphate 

of 


Lime 

42-84 

lime 


73-00 

Magnesia. 

0-61 

Tribasic phosphate 

of 


Fluorine . 

1-01 

magnesia 


1*33 

Organic matter 4 

12-32 

Calcium fluorifle. 


2-06 

r 

— 

Organic matter . 


12*32 

Dedflct oxygen equal 
to the lluorine . 

• 

• 

TAFUE XXXVL— 

100*43 ; - 

i 100-00 

0-43 I 

100*00 i 

•• • 

• 

ANALYSES OF BROWN ISLAND GUANO. 

JkVater 

tPer cent. 
15-00 

or 

Water 


Per cent. 
A,5-00 

Carbonic acid . 

1*48 

Carbonate of lime 


3.36 

Sulpb&rio acid . 

i*ai 

Sulphate of lime . 


1-72 

Phosphoric acid 

31*40 

Tribasic phosphate 

of 

, 

limei 

39*94 

lime . 


6t»00 

Magnesia. 

0-21 

•Tribasic phosphate 

of 


Oxide of iron .• 

0*32 

magnesia 


0-46 

^da . • , • 

0-06 

Oxide of iron 


0-32 

Chlorine . * . f 

0-08 

Sodium chloride . 


0-14 

Fluorine . 

‘••,0*34 

Calcium fluoride . 


0-70 

Organic matter 

10*30 

Organic matter . 


10-30 

Deduct oxygen equal 
to fluorine 

• 

• 

100*14 

• 0-14 



100-00 
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TABLE XXXVir— ANALYSES OF LACEPEDE ISLAND GXIANO. 



Per cent. 


Per cent. 

Water 

li*40 

Water . . » . 

12-40 

Carbdhic acid . 

0'8G 

Carbonate of lime 

1-95 

"Sulphuric acid. 

010 

Sulphate of lime. 
Tribasio phosphate of 

0-17 

Phosphoric acid 

H3-G4 


Lime 

40-80 

lime . • '‘t ^ 

71-04 

Magnesia 

0-98 

Tribanio phosphate of 


Oxide of iron . 

0-7.) 

magnesia 

V -‘i Od 

Sodium . 

0-00 

Oxide of iron 

0-7.7 

Chlorine . 

0-10 

Sodium chloride . 

0-10 

Fluorine . 

0*77 

Calcium fluoride . 

1-58 

Organic mattei* 

9-92 

Organic matter 

9-92 


m-m 


100-00 

Deduct 0 = F . 

0-88 

100-00 




Mejillciies Guano .—This guano, so appreciated foi nierly, is now 
onlijot historical interest. From the rooky coast, (or a length o( 
almost twenty-five miles, which Rolivia Itlis conquered from Peru 
and Chili, there emerges a promontory about ten miles long which 
juts into the sea (or a length o( three miles, under the tropic of 
Capricorn, the rocks of which form a protectioiUo the Ray of Morena 
on the south, and to the Ray of Mejillones on the north. This 
latter bay, well-sheltered from wind and wave hy the ppint of 
Leading Rluff Peninsula, forms an excellent harbour, into which 
the ships come to load guano. The country, moreover, is most 
unhealthy. The, complete alrsence of rain, the frecjj^iency of violent 
winds and dense fogs* which last,for maXiy hours, followed by a 
torrid heat under a brazen sky, a rooky, sandy soil void of all vegeta¬ 
tion, and above all, the want of potable water, renders a sojourn in 
these tracts exceedingly trying. The inhabitants of the capital—the 
number 6f which was formerly very small, and has not increased 
by the working of the gpano—-are revictualled by th^j Pacific 
steamers, which ofill there and possess coaling-stations. Water is 
obtain^ by distilling sea water. The rocky peninsula averaging 
in height 350 to 400 metres has>the appearance of a sandy plain, 
only its promontoiy which protects the bay is lilore elevated, for 
it rises to 1000 metres (3200 feet) to the west,p( -the ^own ; to the 
north of this hill is the culminating point (^the promontory, called ^ 
Morro de Mejillones, of a haight of Hfiti metres (2730 ft.). On the 
elope of this mountain, on the bay side,iis the guano deposit. It is 
reached by a long road from the town, winding round the qaduntaiu. 
The principal deposit is found about 560 ftietres (1836 feet) above sea- 
level on the flank of the mountain; in several points it is lljmetres, 
or 46 feet, thick. The published information on the extent of these* 
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dbposits differ considerably; official data place it at 3,000,000 to 
4,000,000 tons but other information represent the situation un jer 
a less alluring aspect, and assest that the reserves are almSst ex¬ 
hausted. A rJad has been built, with great difficulty, across the • 
mountain to connect the deposit with the loading quay. At a mile 
from the works the road divides into two—the one at a very rapid 
incline lead# the harbour, whilst the other leads to an encamp¬ 
ment constructed on the edge of the plateau where the guano, which 
is lifted’there in sacks, is run into a shoot 233 metres deep, which 
delivers it into a warehouse situated in the port. In the centre of 
the port dwell the workmen, the overseers, the exporters, and the 
state government employees. Xhe latter weigh {he guano, which 
is their conveyed in trucks on rails to the other extremity of the 
harbour, and discharged into ships. The formation of Mejillonjs 
guano is analogous to that of Baker guano. As the climate here 
also is very dry, the absence of nitrogen can only be due to the 
possible contact of sea water. The volcanic nature of these 
countries being granted, the periodical upheavals and sinkings of 
the ground are historical facts, and it is known that on these 
occasions violent high waves are frequent. 

Mejillones Guano, like Baker guano, is a brown powder mixed 
with more or less large friable lumps, consisting in part of phos¬ 
phate of ammonia ^nd magnesia. In the early days, this guano 
was. frequently mixed with granite chips, from the rooky bed on 
which .the deposits lie. But later the importers installed crushers 
and driers, which have enabled them to eliminate the stones and 
to dispatch^the guano as a uniform powder. Amongst the numerous 
analyses published, that by Fresenius and Neubauer is reproduced 
here. These chemists fdtmd in sample dried at 100° the follow¬ 
ing results:— 

TABLE XXXVIII.—ANALYSIS OF ME.IILLONES GUAI^. 

* • - Per cent. 


Tribaeic phosphate of lime. 60*564 

MoDacid phosphate of lime.17*96^ 

Sulphate of lime . . • • • • 1*069 

Carbonic aci^ . . . . . . 2*052 

I • Phosphate of iron, etc,. 0*072 

Water aftd or^an^ matter.10*161 

Ammonia caloulated^.^ oxi^c. 0*018 

• Sulphate of magnesia . . • • • • • 1*528 

Nitrate of mi^nesia. 0*084 

Common salt . . t. 3*789 

Total phosphoric acid ^. 38*404 

Nitrogen . .. 0*729 
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Dr. Gilbert gives the following analysis :— 

PABLE XXXIX.-ANALYSIS pE .VtEJILEONES OtIANO. 


, * Per cent. 

Water. !).14 

Carbonate of lime.0'32 

Sulphate of lime.^ , S .28 

Phosphate of lime basic.• .33*64 

Phosphate of lime monacid.26*44 

Phosphate of mapnesia monneid .... 10*35 

Oxide of iron and alumina. 1*35 

Silica. 0 * 31 ) 

Sodium chloride. 7*32 

Organic matter.• 7*21) 


160*00 

As will be seen from these analyses, about one-foui'th of the 
phosphoric acid is combined with magnesia. .*\nd if the phosphate of 
magnesia is in itself more soluble than phosphate of lime, it is so 
to a still greater extent in the case of monacid phosphate of magnesia. 

iflippcrtnn Island (luano .—The discovery of guano deposits in 
Clipperton Ishind is more recent. This ‘island is situated in the 
open sea off the coast of Brazil. The coral chain stirrounds a fresh¬ 
water lake in mid-ocean and h.as served as a refuge to sea birds 
for thousands of yeai*s. Whilst the nitrogen ^f the exci'ement was 
carried away by rain water the phosphoric acid combined with* the 
lime of the coral. The whole of the isle is covei*ed with phosphate 
to a depth of six feet. The average analyses of thirteen samples 
taken in different sections has given H3 to Bli per cent,of trihp,sio 
phosphate and 0-03 of oxide of iron a)id alumina. 4n the dry state 
the phospho guano is [f yellowish sj^ndy poVder. Dr. (filbert gives 
the following analysis ;— , 


TABLE XL.-ANALYSIS Ob’ CLIPPERTON ISLAND GUANO. 


• 

Ver ('.put. 

Water. 

;5-H0 

Tribanic phosphate of liaie 

. » . . * . 7H*0» 

Phosphate of ijiagnesia . 

0.55 

^arbonatc of lime . 

6*73, 

Quicklime . . . ^ 

2*84 

Sulphate ot lime . . 

• 0*78 

Sodium chloride 

0*1*5 

SiO^. 

.« •. • 0*28 

Organic matter 

4*83 

Oxide of iron and alumina 

0*04 

Undetermined 

. . . , Mil 


- ’* 

loooh 


The points of the Chipana Coast, Pabellon de Pira, Pijnta de 
Lobos, Huanillos, the Ballestas Isles, GuilnapS, Macabi, Lobos de* 
Afuera, etc., contain consider” 
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Nauru Gtiano .—Nauru Isle, near to the Marshall Isles, is in 
0'26 of JS. latitude and 166^5’ of E. longitude. Whilst the«atofls 
of the Pacific scarcely rise 3 metres (10 feet) above high water, the 
Isle of Nauru rises about 75 metres, with an area of 2000 "hectares 
(5000 acres). A bank of coral chains 60 to 90 metres wide (195’6 
to 295’2 feet) encircles the island. To that succeeds a flat zone 100 
metres wide covered with coconut trees ; behind rises a rooky region, 
which ooijsists of a mass of phosphate of great richness. No one 
knows the depth of this deposit, but the beds are so extensive that 
their working may last for several generations. The quality of this 
phosphate would appear to be superior to that of all the phosphates 
hitherfo examined, both as regards the richness and regularity of 
the phosphoric acid content, 86 to 87 per cent Ca^PjOj, as well as 
the small proportion of oxide of iron and alumina. ( 

A large part of the exports of Nauru phosphate goes to countries 
-washed by the waves of the Pacific, .Japan, Australia, New Zealand, 
a.nd IIonolulu,.but Prance, Belgium, Great Britain, Sweden, Norway, 
Russia, and especially Germany, likewise impoi-t large quantities. 

Anijaiir Island Pkcspltale .—The deposits of Angaur Island 
phosphate comprise about 2,500,000 tons which may he extracted 
in the open air. Four-fifths of the deposit consist of a phosphate 
with a content of 80 per cent of tribasic phosphate of lime. The 
working was originttlly leased for thirty-five years to a German 
icompany with a capital of 4,500,000 marks, say £225,000. 

MaKatea Isle Phosjdialic Deposits .—There has been discovered 
in the island of Makatea deposits of phosphate containing, according 
to the analyses made, from 60 to 85 per cent and even 90 per cent 
of pure phosphate of lig)“e. Makatea Island belongs to the J’au- 
motou Archipelago, and li(!S 120 miles to the north of Tahiti. It is 
4^ miles long a!id 1^ miles wide. Its formation differs from all 
the other islands of the Paumotou group, in that it has no lagoon, 
and rises up to 230 feet, whilst the other islands are simple chains 
of an average height of 8 feet above sea-level. Phosphate has been 
found in several of these atolls, especiallj in that of Niau. Guano has 
also been found in Puka-Puka in the extreme north-west of the group. 

the deposits of Makatea are estimated at 30,000,000 thus and 
will be exploited-'by a French company. 

Imports of Guam, etc., taken from the Annual Reports of the 
Chief Inspector of nlkali Works 


Toils. 

1908.. 

1909. 

1910. 

1911. 

1012. 

1913. 

1914. 

1915. 

'' 

Oimno 

34,417 

20,321 

7,000 

84,124 

14,115 

25,548 

39,28.5 

28,720 

Mineral phosphate 

330,177 

^51,807 

4.3.5,,500 

493,413 

520,270 

539,016 

555.605 

374,639 

Sodium nitrate . 

145,724 

90.207 

120,600 

128,487 

123,580 

140,926 

171,910 

132,158 
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Distribution of Phosphates in the Different Geological Forma- 
tiJhs.-t-On examining the subject from'a geological point of view, 
phosphoric acid, or phosphoric aci<f and nitrogen, is found in the 
following formations:— 

1. Gneiss Epoch, as apatite in Sweden, in Finland, in Norway, 
in the mountains of the east coast of North and SouiJj America. 

II. Palaozoic {or Primary) Epoch. —1. Silurian Formation .—■ 
.\s phosphorites in Spain and in the South of Russia. ' 2. De¬ 
vonian Formation. —As phosphorites in Germany, il. Carhonifer- 
ous Formation. —As Elackhand in Great liritain and Germany. 

III. Mesozoic- or Secondary Epoch. —1. Trias Forpiation. —As 
Bone Bed and fossil bones in England, Germany, and Switzesland. 

2. Jurassic Formation, —As coprolites in Germany and England. 
{iiias.) —As phosphatic nodules in France and Germany. (Osteo- 
lithes.) —As phosphorite in French .Jui'assic marls. 3. Cretaceous 
Formation. —As coprolites in France, in England, in Germany, and 
in Holland. .As phosphorite in Spain, in Belgium, in France, in 
-Austria-Hungary, and in Russia. 

(jainozoic or Tertiary Epoch.—Eocene •Fornuilion. —As copro¬ 
lites in England and Germany. As phosphates in France, Algeria, 
Tunis, the Carolinas, Tennessee and Florida. 

Quaternary and liecent Epoch. —1. \h fossil bones. 

2. As phosphate in the islands of Navassa’Redonda, Rata,,St. 

-Martin, Curasao, Testigos, Buenos Aires. ^ 

3. As guano crusts in the islands of Starbuck, Flint, Sombrero, 

-Avalo, Los Roques. As phospho guano in the islands of Baker, 
Howland, Fanning, .iarvis, Malden, Mary, Ender^nry* Fhooilix, 
Sydney, Vivorilla, Mona, George, Raza,«Clipperton, Monk’s at 
Alejillones, in the islands of LeysSn, French, Frigatte Shoal, at 
Bramble Cays, Shoal Bay, Shark’s Bay, in the islands oT Timor, 
Ashmore, Brown, Jones, Lacepede, Ahrolhos, Iluon, Birds, Kurian, 
Murian, f^wan, and at Algoa Bay. , 

4. As guano in Peru, Chili, Patagonia, in the islijnds of 
Galapagos, Bat, Ichahoe, Bahiaraland, ifnd Saldanha Bay. 

5. Bat guano oh the Mediterranean coasts, Egypt, Ba^'dipia, 

Galicia,‘Forto Rico. , 

It will be convenient to add fo this classification the suhstanqea 
containing phosphates manufactured by industry such hone black 
^spent char), bone ash, artificial guano manilfactured from the 
excrements and the dead bodies of animdls, nshes, and crustaceans ; 
in addition to the precipitated phosphate of the glue and gelatine 
factories, and finally the phosphates of basic slag. The fcjihwing 
table prepared by Dr. M. Ullmann contains the analyses of all 
phosphates known up to the present time. As this docunjent is 
absolutely unique in scientific literature it is rejfroduoed here at the 
uisk even of repeating what has been given. 
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Geoqraphkal Distribution of Phosphate of Lime and 

_ ■ _ . « _ 


i^ocalitiex. 

* i' 

A. Kurope. 

. Sweden and Norway. 

Lougitudf 

of 

(rn-fiiwich. 

IVgrec'i. 

Ijatitude. 

Designation. 

< ^ 

Per 

Cent. 

Lualysb 

g.i 

II 

Per 

Cent. 

. o 

. 

s 

3 

Per 

Cent. 

Crag«roe 

11 E. 

59 N. 

Apatite 

0-45 

_ 

45*58 

jangeaund 

Ui7 E. 

59 N. 

Chlorapatite 

0-32 

— , 

.71-02 

2. (icrmany. 

iartz . 

11 E. 

52 N. 

Apatite . 

1-2 


1 

lelmKt(!<U 

11 E. 

52 N. 

J'hoKphorite 

4-2 



VaHHerlfchen . 

1 E. 

52 N. 

0 



jRhn et Dill . 

w E. 

50*5 N. 

„ 

3-85 

— 

37-31 

’eine .... 

10-2 E. 

52 H X. 

Coprolites 




iordf .... 

7 -5 E. 

51*5 N. 

EhoKphorile 

_ 

_ 


kmberg.... 

• 12 E. 

49-5 N. 

Osteolite . 

_ 



)elmp (Ijorrainp) . 

1) K. 

49 N. 


— 

— 

— 

.S. Anxtrio-Hnnynry. 







Ichlaggenwiild (IV^hcinia) 

IH E. 

50 N. 

Apatite . 




jRvanthal (Carinthia) t . 

15 K. 

47 N. 

I'hospiiorile 

, , 

_ 


(tarkpnbach (Holipiiiia) . 

15-5 E. 

50 -5 N. 

Copi'oliUa! 


74 03 

12*20 

>aeow (Galicia) . 

20 E. 

5(V X. 

Hat giiiino 

7-50 

7.7-20 

— 

4. lU'Ujium, 

. 

5*5 E. 

50 0 X. 

Hhoaplmtic chalk 

0/m 

2-83 

40-64 

3iply . . . . 

. 4 E. 

50-5 X. 


1-52 

— 

45*45 

France. 

Dellegardc-Hiir-llliont* 

4-5 E. 

4a-7 X. 

Coprolites 

4-70 

0-2 

32*50 

^omnte. 

2 E. 

.10 J;; 

Phosphorite 

1-69 

_ 

47-34 

J6l 

1*5 E. 

44 :> X. 


4-27 

_ _ 

50*10 

/auolnse . 

. 5 E. 

44 X. 

.. 

2-45 

_ 

^6-67 

irdennoH 

4 1? E. 

50 X. 



_ 

3dalognu 

1-i'E. 

50-7 X. 

Coprolites 

0*84 , 

3-14 

38-06 1 

6. k'nUj, 

% 

Sardinia (Cagliari). 

,9 E. 

39 X. 

Hat guano 

I 

lH-77 

01 *14 

i 

S-17 i 

. 7. Spain. 

iJaceres .... 

fi-5 E. 

30-5 N, 

Phosphate 

0-7V1 i 


I 

Satremadura . 

B 

40 N.(^ 

Phosphorite 

0‘30 1 
. 1 

— 

48-41 
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Chiano Deposits and their Chemical Coviposition. 



^nalvMs. 







-- 

--- 

- 


z . 

E — 


c iq 

"c .* 

** ! .2 


1 liJ 

Jl 

E C 

.\n;Uyit. 

f ss 

S “ 

.s J 

1 II 
< 

T< 



36 

• 

Per 

Per 

Per , Per 

iVr 

P.r Per 

Per 

1 Per 


Cent. 

C'eut. 

Cent. (Vnt. 

Cent. 

<Vnt. Cenl. 

Cent. 

! Cent. . 



100 

0-77 ; — 

84-80 

-- '74-87 

_ 

'i — 

A. It^'ftoi* 

— 

0-90 

~ : 0-80 

88-02 

~ 8-2-99 

• 

i 

K. Giiaacfchl 



4 — 

IM-:V2 

- 85-45 

7-10 

1 


_ 

2-Hfi 

_ _ 

19-27 

-- 41-48 

8-l> 


. 


li7i 

_ ' .. 

lH-18 

-- 8!»-70 

7-9 


K. Scluiltft 

_ 

4-75 

X 

o 

X 

29-19 

— 68-72 

•_ 

4-88 

Dietrich d- Konig 







lluorinu 

• 

_ 

Very rich in iron | — 

84-Oo 

— abt. 75 


— 


— 

Up to 19 

of iron — 

19-8-21 

44-2i) 




— 

— 

— ;_ 

80-64 

— 80 

— • 

8-0 



PhoHpiiate o( 'ron ‘ — 

IS 04 

- 88-41 





d' alumina 18- 







20 

•L 






_ 

-- 

— — 

80-59 

♦16-79 

8-54 

5-26 

^feuael 

— 

— 

— • . 

29-80 

— ^ 64-89 

18-5 



_ 

— 

— 1-81 

• 6-99 

> - , 15-25 

«— 


Heiiaa 

— 

— 


8-82 

'.i-l? ' 'H-a:) 



Siiheihler ' 

• 


2* 

1 

#9 iO-79 

27-2"i 

59-49 

7-04 


Aiiglo-Cont. 0. W. 

19-18 

1-75 

111 ; — 

22-17 

- 48-44 



A. Grimm 

• 


16-90^ 


1212 

-- 26-40 



Dufffer6 * 

9*17 

2*21 10-78 

82-25 

• • 70-42 

9-10 


A. Grimm 

— 

2-90 |o-2r> 

87-07 

— 80-92 

3-48 


Ulex 


8-80 i0-33‘ 

19-90 

— 48-44 

0-84 . 

• K. (liiaaefeld 


4 0 

2-3 1 — 

18-04 

— 86-48 

10^18 

8-0 

Delattrc 

— 

2*89 

3 09 10-.58 

21-06 

— 45-97* 

— 

— 


- 

trace 

trace 10-86 

5-02 

5-72 10-95 • 

- 

- 

PaveKi & Uotond 

• 

OM 

0-427 — 

29-455 

— 59-594. 

13-227 

0-988 


4-85 

l‘«4 — . 

82-60 

7116 1 

• — 

2-67 

Nieder^dt 





* ' ! 


rtuorinc 

A. Grimm 
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< 

Geographical Distribution of Phosphate of Lime ana 

t ^ 


^ Analysis. ^ 



Longitude 





■■' ' 

Localities. 

of 

I..atitude. 

Designation. 




• « 

Greenwich. 



o.i 


t 





s S 

4.' 

s «> 





is 


3 





Per 

Per 

Per 


Degrees. 

Degrees. 


Cent. 

Cent. 

Cent. 

Logroean 

5-.5 W. 

.H9-4 N. 

Phosphorite 

2-40 

_ 

— 

Truxillo . . • . 

6 W. 

39*5 N. 


— 

- 

— 

8. liutsia. 







Poilolia.... 

27*5 E. 

48-5 N. 

Phosphorite in balls 

_ 


_ 

Kursk .... 

B(i E. 

52 N. 

Phosphorite 

3*57 

— 

_^ 

Woronesch . 

39 E. 

52 N. 


— 

— 

-4 

9. Great Britain. 







Ipswich (Suffolk) . 

1 E. 

52 N. 

Coprolites 


i- 

- 

Cambridge 

OE. 

52 N. 


4 01 

_ 

45-39 

Bedford.... 

1*5 E. 

52 N. 

»* 

_ 

_ 

_ 

Wales .... 

, 4 W. 

52 N. 

,, . 

1-4 

_ 

23-49 

Lyme BegCs . 

3 W. 

50-7 N. 

i» • • 


5 

_ 

Goodrich ^ 

2r> W. 

52 N. 

Mineral phosphate . 

— 


42-84 

ii. North America. 







10. Canada. ^ 







Ontario.... 

80 ^V. 

4.%.N. 

Apatite 

0-08 

_ 


Ottawa . . , . 

75 W. 

45 N. 

— 

— 

“ 

11. United States. 







New York 

75-6 W. 

44-4 N. 

Apatite . 

0*2 

_ 

51-48 

South Carolina 

‘ SOW. 

33 N. 

Phosphate 

1-56 

— 

42-28 

Charleston 

80 W. 

‘ 33 N. 

9-95 

6*65 

31-12 

Port Hoyal .' 

81 W. 

32-5 N. 


0-5b 

1-01 

37-79 , 

Tennessee . . 

86 W. 

35 N.’ 

. t . . 

o>eo 

— 

50-60 

I'')(Vida . ... 

80 W. 

25 .30 N. 

>» 

0*55 

— 

50-46 

Tallahasee . < 

84*4 W. 

30 5 N. 

,, (Hard rock) . 

0-25 

— 

— 

Barlow 

82 W. 

28 N. 

,, (Land pebbles) 

— 

— 

•_ 1 

Kjaoe River 

82 SV. 

‘27-5 N. 

„ (River pebbles) 

105 

— 

. _ ■ 

C. West Ii^os and 
Mezfci;. 






j 

12. We$i Indies. 







Havana.... 

8!i-5 W. 

28 N. 

Phosphate 

1190 : 

_ 

_ 

Ouanahani . 

74 -3 W. 

24 N. ! 

Phospho guano . ; 

9*83 1 

— 

■80-60 ; 

Tivorilla (Isle) 

— 


7-0 

6*46 

46-26 : 

Puerto Rico (Ponce) 

67 W. 

18 N. 

Bat guano * 

17-68 1 

51-66 

10-17 1 


t" ♦ ■ 
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Guano Deposit!: and their Chemical Comimition—H-onlivued. 


Analysi.s. 








4- 



’ill 

MIh 

__ 

V B ' .5 

:it \ = 

5" ! ^ 

c 

u 

c« 

b 

?< 

tt' 

c 

y. 

. 

'i J1 

® a..= 


II- 


Per 

Per P«r 

'p,r 

Per 

Per 

P.T 

Per 

Per 


Cent. 

(Viil. . tVnt. 

Celit. 

1 Viit. 

tVnt. 

Cent. 

('.-111. 

Cent. 


— 

2-22 

— 

:{KH5 

— 

MfrOH 

JO 85 


I)e Lunift 

— 

little 

— 

Ho-rjO 

” 

7.')-K() 

little 

14U 

• 

_ • 



:t4 0 

-■ 

74-i8 

OMPi 



^ — 

1-95 


:j.'>-42 


77-84 

- 


SohwAckhofer 

♦- ■ 

1 

— 

i:{"4 


800 

•24 

: ■ 

Pieper 

- 

• 

•VO 1-0 

- 

■j4-7:t 


oPO • 

10-0 

8 

OuoiiiM' 

Volcki-r 

■ — 

1-W7 2-r.7 

0-4H 

2(i-75 

- 

57 I-2 

_ 



— 

— 


iH-a2 


iibout 40 




— 

7-47 5-70 


15*4 

- 

88-ti-i 

'f 


HerapHth 

— 

1-(K> — 

—. 

27-tl.'> 


0-1 

24-0 


* 

— ' 

2H('. 

- 

27-08 


00-82 

1P54 

. 



7-20 i 
9 - 12 ; 




_ 


*80-‘.tH 

— r 80-01 

* 4-47 

7-22 

^ W. U. Hutton 

000 

0-57 

0-15 

30 0 

K5-24 

0-00 

1 

0-H 

'• 

l-{f? 

i __ 

87-0 

70-50 

; 2-82 i 

0-42 

H. Gill^rt 

— 1 

— 

, __ 

20-HO 

58-70 



i Vailcker 

2-HO ' 

2-38 

1 -02 

•20-02* 

45-6ti 


5-11 of 

; Hlex 

2-82 • 

i 1-12 

0-5 

•28-07 

51-07 

1 1 

' 0-lK 

fluor. 

1 

• • 

8-82 

— 

80-t;i) 

-•-* 80-00 

— 

— 

H. Qrimm 

1-95 

_ 

85-kO 

78-15 

1 — ' 

_ 


0-82 : 

1-27 


85-42 

77-82 

1 i 


Pieper 

0-80 I 

1-87 

— 

81-50 

08-00 

_* ■ 


VOlcker 

0-52 

104 


28-08 

61-50 

. $ 

• 

Gilbert 

2-88 



34-08 

1 — 74-40 

t { 



5-77 

— 

11-60 

! 0-73 25-32 

— ' 

_ ' 

A. Grimm 

0-25 

1-27 

82-24 1 

1 (kl3 : 70-38* 

i _ 1 

_ 

H. Gilbert 

1-59 

0-17 * 

7-57 

8-S5 16-52 

— 1 

— 

A. Grimm 
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Oeoi/raphical Dislrihntion of Pliosjiluite of Lime aiid 


Fjocalitles. 

• .* 

• 

I»ugitude 

of 

Latiliidc*. 

IB. Lenner Antilles, 

(a) Windward (Islefi). 

I)egr‘ »:.H. 

I>fgn;e.s. 

Avalo (Islo) . . ’ . 

Navaasa (UlS) 

Mona . 

Sombrero (lain) 

St. Martin (IkIc) 

Bedonda (Isle) 

Alta Vela 

H] \V. 
75 W. 
87 -5 W. 
OB'h W. 
fi:i W. 
02 W. 
71-5 W. 

22 N. 
lH-2 N. 
181 N. 
10 N. 
JH N. 
17 N. 
17 ') N*. 

14. Lower Anlilles. 

(b) Ijoeward (IhI ea). 

- 


Aruba (Isle) , 

70 \V. 

12-.) N. 

OumvAO (lale) 

(jll W. 

12 N. 

BuenoH Airea /Isle) 

Los Avea (laUr; . | 

.5 M .. 

(iH \v. 

07 W. 

12 N. 
12 N. 

»P M _ M f 

Lob IloquoH (IhIc) . ^ ■. 

1)6 W. 

12 N. 

Testigos Islo . 

OB \v' 


l.'J. Mexico. 



George (IkU) . . j 

Kaza (late of) . .1 

Clipperton (IhU*, . . • 

UB W. 

1 IB W. 
'lOH W. 

Bl N. 
20 N. 

. 0 N. 

D. Soutt America. : 



18. Venezuela. 


. 

Marlioaibo (Monkey. la-' 
land) . . .' 

•< 1 w. 

12 N. 

17, Lrazii. 



Fernando Nat^nha (lale 
of Bata) . " . 

.SB W. 

4 H. 

18. 



East Coast . 

Falkland (Isle) 

07'5 W. 
60-0 W. • 

40 H. 

52 S. 


Analysis. 

« * 

Dedguation. 

t 

£.1 

II 

' Lime. j 

. - , 

IVr 
, Cent. 

Per 

Cent. 

Per 

Cent. 

Guano in eruKts . 20*12 


31*15 

Coralline phoKphato: 2*7 

_ 

37*6 

I'hospho guano .1 7*60 

— 

— 

Guano in crustH . ■ 0*00 


' 36*17 

Mineral phosphate . ! o*04 

— 

47*69 

rhosphateofalumina: 2.B-2H 

— 


,, : 10*40 

i 


Mineral phosphate . : B*46 


48*72 

,, . 2*10 

„ 

47*84 

. 0*84 

, 

— 

51*00 

.20-0 

_ 


rhoBpho guano . .5*t)B 

__ 

37*92 

. lO-.Bo 

- 

— 

. 14*90 

- 

_ 

Guano in crusts . 10*22 

10*22 

38*67 

rhosplialo of iron — 

— 

— 1 

M ... 12*17 

12*17 

0*37 ; 

! 

I’hospho guano .) —*, 


! 

.1 4*08 

— 

35*28 

B-HO 

4-8B 

49*25 

lOiospho gUHiio . 2*B9 


89*48 

Phosphate . .; 10*0 

- i 

- 

« 

30*6 

! 

: 1 

; 1 

Guano . . .' 16*15 

28*06 

20-20 j 

^ . . . 8-86 

17*10 

i 
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■ 

• . 

Aiialy.'is. 








i 






3 . 

-• • 








11 

"rr 



sH 


eJ 

C 

i 


y. 


rC 

Analyst. 



a 

§ 




” 




© 








. — 

Per 

Pit 

Per 

Por 

Per 

P.-r 

IVr 

Per 

Per 


Cent. 

Cent. 

('ent. 

Cent. 

(Vnt. 

(Viit. 

t'rnt. 

('ent. 

(Viit. 


_ 

5-88 


0-44 

21-30 

0-45 

58-18 

_ 


A. SchliuHK?r 

1 _ 

14-8 

IPO 


0-11 

78-18 

5-0 

. 

Ulbricht 

! — 

o*7r> 

_ 

■27-sr, 

0-25 

00-79 

8-80 


\V(‘iH8 

1 - 

• 2-49 

0-89 

0-80 

84-41 


71-55 



VOloker 


1-21 

2-99 

0-88 

24-14 


52-70 

82-27 

-- 

>• 

• _ 

30-H8 

— 

80-!l5 


HO-or, 

— 

- 


ir-2.5 

19-24 

— 

20-45 


44-04 





• 





• 



• 


:4-23 


8ir29 


79-22 


-■ 

M OiiHEPfelil • 

_ 

1-B() 

()-»)! 

truer 

88-H-J 


7 Mi.7 

10-00 


A. Hcttcr 

— 

0-2 


0-97 

89-90 

— 

87-28 

0-99 

0-18 

K. Oiisnefold 








• 

OurriDP 


_ 


_ 

— 

21-70 

_ 

45-50 





1-02 

_ 

20-82 

0-80 

57-45 



A. Jirimm 

_ 

0-184 

_ 

_ 

29-02 

- 

08-87 

12-88 



_ 

0-Ho 


22-40 


48-90 

7-05 


Taylor. 

_ 

0*40 


2-7.'! 

40-49 


00-80 


- -• • 


40 

•5 

__ 

87-0 


80-77 

1-0 

«. . 

Schucht 

— 

i.s-;40 

— ■ 

0-57 

•l7II 

.... , 

f :iH-o * 



lire & TeBohen- 
Hmcher 

• 


1-50 



37-71 


82-88 



K. (rUKKofeld 


1-14 

• _ ' 

1-18 

39-70 

0-40 

80-00 



J-r. Vnigt 

— 

0-04 

0-25 

80-07^ 

0-00 

78-84 

• 

0-72 

-• 

11. Gilhert 

« 


0 




• • 




« • 









% 

• 

-• 

— 

_ 

117 

11-84 

0189 

90-24 

—• 

- — 

Vockler 








• 


« 


» 







• 


- 

9S« 

11 

- 

20-5 

- 


- 


{*n?iucht 

1-95 

1 

ODD 


16-43 

4-40 

i»8-«8 i 

* 


$ 

A. Orinitn * : 


_ 

_ 


9-75 

1-24 

21-2ft_ ' 

14-02 

-- 

Anderson 




« 
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Ge^,graphical Distribution of Phosphate of Lime and 



, fsoiigitiujt 

1 

Analysis. 

< t 

of 

Grt*enwith 

l/atitude, lN.‘sigiiation. 

_^ 


‘ » 


1 

S : d 

=? Is 1 1 

IK. iVrH. 

liobos <le Tierra (Isle) 
Lobofl de Afucra (Isle) 
Macabi * „ jlsi,,) 

Gaanape „ (Isle) 
ChtnohaH (ImIb) 

BaileataK (Ittle) 
Independencia Bay 

20. Chili, 

1 iegrees. 

82 W. 
81 W. 
81 W. 
79 W. 
V7 W. 
70-.5 W. 
76 W. 

Ilegret-s. 

6- 5 .S. Guano 

7 S. 

7- 5 H. ■ 

8- 5 S. 

13-5 8 . 

13 -7 S. 

i< s. „ . ; 

Per Per Per ' 

(X-ut. Cent. Cent. 

23-79 _ '18-91 : 

19-60 _ : _ 

30-33 _ 1 _ ' 

25-88 _ 1 _ j 

i — — ' 10-99 

14-87 _ ^ _ 1 

13-22 _ ' I 2 .f 9 " 

PabelJon de Pica . 

^UQta de LoboK 
; Huanillos 

Mejillonee 

Angamos 

Coroovado 

! E. Pacific Ocean. 

70 \V. 
70 W. 

70 \V. 

71 W. 
71 \V. 

'li! \V. 

21 .S. Guano 

21 S. 

21-5 H. 

23 H. PhoHpho guano 

23 H. Guano 

43 N. „ 

113-0.7 ! 14.23 

i 14-12 _ _ 

'14-12 _ _ 

1 4-44 _ '37-64 

7-39 64-81 5-11 

18-19 _ 1 13.37 

! 21. Sporadic Isles. 



i 


Fanning (Me) *. 

i Jarvis (Isle) . 
j Malden (Isle) ■ . 

! SUrbuck (Isle) 

!22. Vhmnix(Iroupof Isles 

ir>'j w. 

1 

W. j 
i.-irk w. I 

156 W. j 

4 S. Phospho guano 

0-5 H. 1 

4 s., „ \\ ; 

5*5 S. Guano in crusts 

8-00 12-32 142-84 

1 

12-118 5-992 34-83 
4-78 1 5-18 146-229 
10-01 j 44-96 

‘ i 

[ Mary (Isle) . ' , 

1 Enderbury (Isle) . ! 

Ph(Bnix (Ulc) • 

. Sidney (Isle) . 

j28. Hilbert (Iroup of hle.s\ 

i71B W. 

171 W. 
170'45 W. 
171-.70 \V. 

•2*75 S. Phospho guano 

3 S. > 

3*5 H. 

4-5 Hi . 

' 

5-63 _ 

8-76 8-81 

4-93* 1 8-66 
7-38 7-59 

44-40 

40-76 

44-91 

142-96 

i 

Ocean (Isle) . 

24. Itaker Isles. ^ 

Howland (Isle)» . 

r. Australia aod 
A.nstraliaii islsa 

t. 

16!VE. 

176-25 W. 
177 W. I 

. 1-5 S. Phosphate . . | 

0-13 S. Phospho guano . i 

0-5 8 . „ i 

-j 

1 

1 

1 « 

101 2-7 j49-5 

3-945 7-758143-379 
5-34 _ ! 44-48 

28. dtulrolMn Conlincni. 


i 

! 

• 

Shark's Bay . 

114 E. i 

* V •*' ‘ i i 

26 S. ‘ Phospho guano .1-5 i _ 
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Guam Deposits and their Chemical Composition — continued. 


ADalvsis. 


i|s9.’ c . 

i.E£sl H" 


^ ' -3 « S « » 

» i 5-S.E fE 

- 

■P f- i= ^ t 


Si 

■r'E 


Per 

I’er 

Per 

I'er 

Per 

Per 

IVr 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

_ 

1-89 

0*27 

17*64 

6*58 

— 


— 

— 


16*70 

3*60 


— 

— 

— 

— 

11*95 

11*06 


— 

— 

— 

_ 

12*26 

11*0 

— 

4 

0-30 

— 

M9 

13*52 

14*39 

— 


— 

— 

_ , 

12*23 

12*50 

— 


1-62 

0-39 ' 

10*89 

7-68 

— 


• 


' 




— 

2-73 

0-20 

12*78 

8-88 
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Giumo Deposits and tJieir Chetnical Composition — continued. 
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miyiNO AND KNUICHMBNT OB PHOSPHATES. 


Dryintj. —I’hosphates, to fulfil the conditions required of them, 
must ,be dried and finely i;round. When the phosphates are 
massive (rock jjhosphate) or in lumps, they may he completely 
dried in summer by storage in a warehouse with vents in the side^ 
in winter, the drying is accomplished in a drying machine. 
Formerly phosphates were calcined to increase the percentage of 
phosphoric acid and facilitate grinding (p. 80 el seq.}. Drying is 
indispensable in the case of the sandy phosphates of Mons, Somme, 
and Cambresis. This operation is conducted in a kiln, on cast- 
iron plates, about tw'o fifths of an inch thick, in contact with the 
flames of one or more furnaces hut protected from overheating. 
The phosphate is spread on these plates in layers of 4 to 5| inches 
thiol^, according to thh nature of the material. The drying reduces 
this thickness about on<!-third. charge is finishtsl in (1 hours 
over the tlurrs ahovir tht; flames; in K hours on th(r flues, forming 
the first circuit of the flames; and in 10 to 12 hours on the flues, 
fornring thA ser^ond and the third circuit. .4 drier of 250 square 
metres (820 squarir fe(4) will si;^ic(! for treating 35 to 40 tons of 
dry phosphate, per day of 24 hours. The consumption of coal is about 
2owt. per Con of tbe granular roasted material obtained. The product, 
so dried, passes into cylindrical sifting machines, polygonal in section 
like_thosB of an ordinary flour mill covered with wire ginlze Nos. 
70, 'ho, !)0, 100, 110 and fitted with baskets inside, in which to 
collect tli(.^ larger fnignuuitsT The <lry sand passes successively 
through the difVerent mesh siiwes, commencing with the .larger 
sizes. T^ho exit of the i)roducts is. thus regulated in a uniform 
manner over the v.-hole length of the apparatus. The residues on 
“the sieves pass out at the ends of the reels and arc crushed in 
flat st6ne mills runifing at a speed of 100 revolutions per minute. 
dHach pair of stones absorl>sl> to 7 11.P. The sifted phosphate is 
genr'rally 7 to 8 per cent richer in tribasic phosphate than the* 
ground j^hosphate; the whole is mixed in order to produce one 
average quality of the apirearance of finely ground pcpjier. When 
the phosphate is in nodules, as in .Vuxois, they must be crushed or 
cracked before griiuKng. The crushers and cracking machines. 



DRYING AND ENRICHMENT OF PHOSPHATES 63, 


used in the Meuse and Ardennes, consist of two cast-iron cylinders, 
stildd^ with projecting teeth in the form of pyramidal projections, 
which mutually intersect each other. .\t other times the crusher 
consists W a grooved moving plate which crushes the phosphate 
against a fixed plate (see Fig. 12 and context). When the noilules 
to he crushed are not (juite dry, the heat caused hv the friction in 
the mills produces steam, which liiuls an exit througTiAvooden pipes 
lilted either to the boxes which collect the ground phosphate, or to 
th(! mill covers. Thes(> ])ipes, acting as evaporatois. pass through 
the roof. The steam uirries with it some of the fine phosphate 
dust. Of late mechanical <lriers have lieen installed for drying raw 
phosphates. 

Calcininii the. .Vedn/r.i. - liefore crushing the nodules, the)’'were 
ai first only dried in the sun. or on iron plates heated artificially. 
■More recently they have been calcined in special furnaces to free 
them completely from water and carhonicacid ; theirweight per cubic 
meter is thus reduced from KlOtlkg. to 1)50 kg., say from 20cwt. to 
1!) cwt., th(! percentage of phosphoric acid being increased pro rHtu. 
Tbell; furnaces are 4’5 metres, about M (eet 1) inches high, anil 
about 25 cubic metres in capacity, with a diameter of 2'b5 metres, 
sav 8 feet 8 inches, at the top, 1'8 metres, say 5 feet 11 inches, at 
the base, and 3 metres, say D'.Sl feet, in the centre. The bottom 
consists of a busk formed by two inclined jikines ending in two 
wide discharging orifices. The phosjiliate rests on iron Ifars, 
supported at one of their ends by the inclined planes of tlfi‘ busk 
and at the other by the horizontal metallic lintels which form the 
crown of thi.* discharging orifice. Tbesi- bars form tw* grates at 
the bottom of each fyrnace, and they are used Ai regidale the 
<lescent of the products. It sullice.. to draw one to let the calcined 
nodules fall through the opening. They can thus he withdrawn 
-at any point of their contact with the grate ; above each grate the 
side of ^he furnace is jiierced by an o|)ening through which to 
inspect the progress of the o)ieration. The furnaces are built* of 
bricks or masonry ; they are filled witii nodules in layers -f inches 
thick which are separated by very thin layers of fuel, small coke, 
or anthl-acite. .\ furnace of the aliove dimensions yields ctibic 
metres of calcined phosphate in*l‘wenty-four hours* A charge thus 
remains in the apparatus live to six days. The roasting ot a ton 
of nodules requires about 1 cwt of fuel. The ^oilulesf first go to a 
crusher with smooth blades; they then pat#i by an elevator chain 
of cups to the top of the htdiding where they are dropped into an 
fron trough which feeds the mills beneath. The ground plrttsphate 
passes automatically to an elevator whjeh raises it to thi? level of 
the two sifting machines between which it is fed. From the sifting 
machine the substance falls into a wooden ngservoir littdd with_ 
•two bag filling machines. Whilst in the I*as de f'alais district 
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M ates are always washed after simple hand sorting from the 
! the gangue, in the Meuse and Ardennes they are aow — 
after disintegration hy the pick and breaking up on the spot—• 
screening them by throwing them on a trellis of iron wir6 called a ' 
billard, the square meshes of which are 8 to 20 mm., or a screen 
of iron bars 8 to 10 mm., say one-third to two-fifths inch 
apart, which frees them from one-third to one-half of their 
impurities, hut at the same time small nodules and fragments 
broken off by shock arc lost. This method is profitable when 
the nodules are not friable, and easily separated from their 
gangue. Screening is followed by washing with a current of water 
in mechanical washers, or in washers fitted with blades, or dry 
sortiftg known as /aimije. The phosphate nodules occur near the 
outcrop of the Greensand at no great depth, the sock of the plough 
often bringing them to the surface. -An extensive business is done 
in collecting them and selling them in bulk to the phosphate 
cleanei-s. Eanage consists in passing the raw material through a 
screen after exposuie to the air, so as to dry it completely and thus 
render the argillaceous sands more easily separated from*’ the 
norlules. The operation is repeated live or six times with the 
object of getting a satisfactory cleaning. Drying is facilitated by- 
spreading the nodules in a thin layer on the ground and turning 
them like hay, fron» which operation is derived the name given to- 
the "process. Eanage only succeeds if the gangue is of such a nature 
as to ISnd itelf to the treatment. The luxinlen fanes, poorer than 
washed nodules, contain 10 to 15 per cent of impurities. They are 
exposed ta rain to wash the impurities away in the form of mud. 
Fanage is conpleted by_ rapid washing. 

Hariimi awl Sale, »/' Ilaw'^J'hosphales. —Raw phosphates are 
sold by 1’.20,, content. They are bagged up into 5 grades each 
differing by 5 units--50-55, 55-60, 60-65, 65-70, 70-75, 75-80 per 
cent. It is thus easy to supply any strength required. TJo control 
thd strength of wagon loads, buyer’s and seller’s agents take counter 
scaled Samples at the station from .each wagon, four random, 
samples from 25 to 60 bags. One is tested by the seller’s chemist, 
the "othbr by the buyer’s. When there is more than 2 })er cent 
difference between the resvdts, tbb‘ third sample is analysed by a 
third chemist and the average of the nearest taken. The fourth 
sample is kfi’pt as «. check. In case of shipment the goods are * 
sampled in the wagoiw as-they reach the harbour. Sampling is 
done cither by the broker alone or by the broker in the presence 
of the oeller’s agent. * 

Different Methods of Streiujtheniiui and Ulilizinij Poor Q-uality 
Phosphates. —Numerous methods have been suggested to utilize 
the lar^e quantities pf low-grade phosphates unfit for making super- 
’phosphates. These methods may be specified as follows; (1) To.. 
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fortify them in various ways; (2) To free them from tlu* sos(juioxideft 
ofiiroji and alumina, or (d) To increase4^lR*ir solubility or to extract 
from them their phospljoric acid. * None of thest* processes have 
l)eeu adapted in actual practice, because they ar<‘ too costly and 
also incompatible with the present state of tlie manure trade ; tlu-y 
will continue in abeyance as lonj^ as hi^li ^rade pb()si)bales, with a 
low oxide of iron and alumina content, are availal)le. flu' latter only 
requirinf< to Ik* rendered sohil)le to produce excelbmt suptu-phos- 
phatcs. The followin': are the cliit'f patents taken out for this 
purpose:— 

1. ])unu>mvaii and (Freneli ])atents Nos. 2(M,127 and 

201,461) propose* to fortify iow-j:rad<- phosphates, consisjiu;: of phos¬ 
phate of lime, ami cai l)onate of linn*, hy the use of sulphur. Tho 
j^rinciple of tin* two irmtbmis is as follows: IMiospbalit; clialk is 
calcined so as to proibice a mixture of ])hosphate of lime and i|uick- 
lime, which is mixed with water and sulplnir in iron pans. Th<“ 
insoluble p}ios]>liatc‘of lime is separaleti from tlie solulile sulphides- 
formed. The slrenj^lh is tlms foriilied 20 to dO ])er cent. A ciutent. 
of cifidamic acid is injected itUo the solution.j^uljilun' and sulphnrettedi 
hydrogen l«‘ing llierehy separat(“d. the lallei- lieing converg'd into sul¬ 
phur f)y means of sulj)huious acid. 

2. Simpsi'U rcjdaccs suljjlmr hy sui])hnn‘lted hyilrogcn ((iermau 

patent 5-S.025), aiul after calcination of the niw^)hosphates. itijecU it. 
into water, holding the ))hos])hates in suspension, 'rhe calcamii 
sulphides are afterwar<ls treated with carlxudc acid.or'witli s»V})hate 
of soda, to transform them into gyj)sun> and sodium sulphides; 
the latter treate<I with earbonie acid yielding sulphuH tt<fi hy<lrogeu 
and soda. ^ * 

3. Ihiichoii (Krencli patent 21•^.^>77) <‘Xtracts ])fiospbales rich 

in carl)onate of lime by means of carbotiic acid umler jn-es^un* after 
crushing and stirring ii)) will) water. Tlie li(|uid <rontaitiirrg ibo 
acid carbpnate of lime is sejiaiated from the insolulile pho.s])hato 
and treated for the recovery of the carbonic a»^i<l. ('arbonate*of 
lime is. however, only sliglitlysoluhle in <i»arl)onated watereveV under 
pressure (1 cubic metj-e of water only dissolves 3 kg. or lOO^^allons^ 
3 Ih. uifder a pressure of 4 attnosjdieres at 5’ The jirocess is. 
thus too costly. * 4 

4. \V'in.'<iw/er, to pre]>are hicahfic pliosphate free fiorn oxide 
of iron, completely solulile in citrate of amnioitia (GeTmaii jiatent 
No 51,739), extracts all tln^ phosphoric acifl of the phosphate of 
lime by sulphuric acid, converts lialf the solution into moiiocalcie 
pTiosphate, by addition of carlionate of lime and muk of liine*f which 
precipitate the iron : he iwlds this j)recij:«tate to the oth(n' ftalf, and 
obtains hy addition of sodium sulphate, sodium carbonate and 
quicklime, phosphate of lime insoluble in \vate» free from oxide of, 
iron, which he finally adds to the solution of monocalcic ])hosphate. 
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A bicalcic phosphate is thus obtained, and gypsum and caustic 
soda are produced as bye-products. This process is tatiter 
complicated. * 

5. 0. lahiie (German patent 57,295; prepares phos{)hate of 
lime free from oxide of iron, alumina, and silica, by acting on 
phosphates rich in oxide of iron and alumina with sodium bisulphate. 
The luw phosf)iiat(!s (coprolites, etc.) treated with an aqueous solu¬ 
tion of sodium bisulphate, in this case carbonate and phosphate of 
lime, <lissolve, whilst the silica, and iron, and alumina compounds 
remain insoluble, and may be sejjarated by filtration along with 
the gypsum. By evaporating the solution a yellow salt is obtained, 
the comjKrsition of which corresponds to the formula 2Na.jS0j -t- 
CaJUKO, + H.,0, which may la; employed as such, as a manure, 
or mixed with gypsum, horn meal, or peat; it may also Ix! used in 
stables, to (ix ammonia. 

6. In making superphosiihates, Martin proposes to use the aciil 
sulphate from the manufactur*! of nitric acid. The acid sulphate 
froth the cj linders is dissolveil in water, so as to produce a solution 
of 45' to 50" B. The jtrecipitate consists of bisulphate, which it is 
easy to convtn t into sulphate by reerystallization, whilst the strongly 
acid solution is used to dissolve raw phosjihates. .411 the phosphoric 
acid is dissolved, an<l the nwultant superphosphates have less 
tendency to retrograde than those made with sulphuric acid of 50" 
to 5!i B. 

7. TliiiiiiKir and liii.rloii's Belgian jiatent No. llti, 109, and Hol¬ 
land'rlMf’mu patent 196,190, to eliminate the oxides of iron and 
alumina, if.ay also he imnitioned. 

8. N'c/eur/if Jjroposed to make superjihosjihatiis from ferruginous 
phosphate thus: As soluble ferlic oxide induces retrogradation of 
tlm phosjdioric acid in su])erj)hospha.tes, whilst the ferrous oxide is 
inactive, anil as sul]ihate of ammonia possesses the property of 
forming with a ferrous salt double salts very stable in air, Schucht, 
on "such data, proposed to dissolve phosphates in presence of sul¬ 
phate of ammonia, then to “fleet the reduction and so obtain very 
stable supeiqihosphates of ammonia. With this end in view, the 
finery ground superphosphates are mixed w ith sulphate of ammonia. 
One part J'’e.,().| '•eipiires 1-75 jiartd of that salt to foi ni the double 

■ salt FeSO^ -f (NII,)jSO, -t- (ill./). Reduction can oidy lx; effected 
by weak suljthurous acid which is injected under pressure into the 
. diluted mixture of superphosphate heated to 80" to 100°G. Schucht 
lielieved that the small amount of sulphurous acid in the pro¬ 
duct wbuld quickly oxidize and become innocuous to plant life. 
The author is not aware if this method has ever been used; in any 
case, Schucht makes no mention to this effect in his Ixxik. Besides, 
a phosphate contaifing ;1 to 4 per cent of ferric oxide and alumina 
will only cause an inversion of 0'50 per cent in stored superphos- 
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phate, a loss say of Id. a cwt. That is why the above process oiiTy 
nftrit*! attention, in those cases where .the purchaser also pays for 
the nitroj.'en. Otherwise the process would hardly l)e worth the 
trouble.* 

9. tVirr’.s process, dealiiij; with phosphates rich in oxides of iron 
and alumina, is analogous. It consists in ealciniiif’ the phosphate, 
yrindint; it line and then mixiiif; KXK) parts with 4(10 parts of sul¬ 
phate of ammonia dissolved in 4(X) c.c. of hot water, to which is 
then added 800 jtarts of sulphuric acid of it'.i B. .A violiuit reaction 
ensues, the mass intumesces and heats to 110 .Mter an hour it 
solidifies and is easily ftrouiid ; it contains 18 per cent of phosphoric 
acid, two-thirds of which are soluble in water. This process is 
interesting, moreover, it is simple, and yields good resiilts; itfmight 
^e advantageous to use it in the manufacture of phosphate of 
ammonia, if the raw materials were to be obtained cheaply. Be¬ 
sides, this process seems to preclude the reti'ogradation of the soluble 
phosphoric acid.* 

10. (llaxer propo.ses to manufacture precipitated phosphates 
.frofli insoluble phosphates of alumina, by tri'ating the lattiT with 
a cold alkaline solution or with a hot concentrated solution of 
alkaline cariionate. In this oisuatiou the phosphate of alumina is 
dissolved. In using tint alkaline solution, the lupiid separated 
from the residues is treated with ciirbonic aciti If a hot solution of 
alkaline carbonate be used, it is c(H)led, and the dtssolved phosphatit 
of alumina is precipitated. The solution is then used frX’ a new 
■operation, Bm from tests made, raw phosphatt^ of alumina does 
not dissolve in a hot solution of alkaline carbonate. t . 

11. I'etermann o^ (lembloux reconiinenils trt.'ating the raw 
phosphate at a high tempiu'alure, to convert the |.ihoH])horic acid 
into a very soluble form, Bazin has base<l a British patent No. 
Id.lld? on this principle. He heats phosphates iti retorts to a 
temitenUure of KIOIT to loOO’ G. 

12. lliidijkmx (.•\merieau patent No. ■1211.3211, 189(1) mixes'the 
phosphate in line powder,.with <|uicljime, which he then slakes. 
But it is not aiijiarimt how such treatment can render [ihosphates 
more ftiluble. Besides, no field ex)»’riments a)i|iear to hflve been 
made to test the value of the rt^^lltant manure, j 

yiaiiufacturv (if Pre.cijii(uleti I’liimjihate l»j FAecl,ri)lijxis. —A new* 
method of manufacture, based on electrolysi»i lias Been invented 
by Prof. W. Palmer of Stockholm. It coasists in converting the^ 
raw phosphate by the wet way into a readily assimilable form, 
at the ordinary or a slightly elevated temperature. The raw 

• 

‘But it is evident on the fnee of it that*such K^^iieralixationH arc futile. 
The data given can only have been applicable to tlie pailicular phonphalM to 
which Carr applied it. All phosphates rich in oxi4eH of iron and alumina 
» would not reapond to such treatment so as to yield the above resultK. 
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material is ground apatite, which need not be finely ground. In an 
apparatus, specially constructed for the purpose, a solution * 0 ! 
chlorate or perchlorate of soda is electrolyzed; this disengages 
free chloric acid, sometimes even perchloric acid, in the ailode cell. 
The acid anode liquid is made to react on the raw phosphate in a 
battei-y of woo<len cases, fitted with perforated bottoms, so that the 
solvent fii-st edmes in contact with almost exhausted apatite. The 
alkaline liquid from the cathode is added to the saturated solution, 
in special precipitation vats, taking care to stir, until a slightly 
acid reaction ensues. There is thus foi-med a crystalline precipitate 
of acid phosphate of lime. It is freed as completely as possible 
from the mothr'i' liquor, by filtration and washing, which is greatly 
facilitSted by the physical nature of the jihosphates. The yield is 
very satisfactory, because only about 1 per cent of the phosphatp 
in the raw material remains in the solution. The latter, which 
contains a third of the amount of lime originally eliminated from 
the a))atite, is mixed with the residual alkaline cathode liquid, 
whe'li the greater part of the lime is precipitated as hydrate ; finally, 
a current of carbonic acgl gas is injected. After precipiitating the 
lime tin? solution is withdrawn and run into the electrolyzer. The 
electrolyte is thus continuously regenerated. The product so ob¬ 
tained genei'ally contains dfi to 1)8 per cent of total phosphoric acid 
(the formula dalH’O', + 2H.X) re(|uiring -Ib-O? per cent of ILOs)- 
About ‘JS per cent of the ])bospboric acid in this product is soluble 
in l’et(^mann's solution of aminoniacal citrate of ammonia. The 
composition of the product depends, moreover, on the amount of 
lime in tlw raw matei ial : when it is rich in lime it re(juires a 
greater amount bf acid, and consequently of electrical energy. There 
is a bye-product of slaked lime ('qual to 3.') per cent of the bicalcic 
phosphate forimsl. This process, which was tin; subject of several 
years’ laboiatory work, was tried industrially a few years ago in 
an installation of (i to 8 electric horse-power. One electrjc horse¬ 
power can ])roducq annually 20 cwt. of bicalcic phosjibate soluble 
in citrat'e, or 23 cwt. of 32 per cent. The cost of manufacture has 
been provisionally estimateil at H'44 Sweilisb crowns per cwt. These 
figures refer to an annual production of 2200 tons of bicalcft phos¬ 
phate of 34 per <yint. Oomparativd experiments on oats cultivated 
in pots, and continued for live years, showed that the phosphate 
precipitated fly elect.olysis, provided that its composition responds 
to that of bicalcic phosphate, exerts a fertilizing action fully equal 
to and as durable as superphosphate. The addition of substantial 
amounW of carbonate of lime did not diminish the assimilability of 
the formfrr, whilst with tribasic phosphate the contrary is the result. 
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HISTOHICAI, UKVIKW OF sri»KKl*miSFH.\TK MANri ACTl lJM. 

It can lx* safely asseiUnl lliui llie su|)*>rj)hos]»hatc inOusLry Js tlio 
outcome of Iiiel)i;f’s ilicory. He was. in fact, one of the first to re- 
^Sominencl reslorin;; to the soil, not only the nilro^^en removed l)y 
crops, hut also the mineral matter, more es])ecially the ])hos})horic 
acid. For this }uir))Ose In? recomnumded the us(‘ of hoiu' dust, and 
also of phospho } 4 uanos. Hut havitij' rtunarked that tin? phosphoric 
aci4 of these suhstances acted very slowly, he advised that they 
should he trt‘aled with sulphuric acid so as*to r^nuler tlu? ])hosphoric 
acid snlul)le. aiul innne<lial«'ly assimilable hy })larits. His method 
was adojUed. and yi(‘l(h‘d reiharkahle results, thus ^ivin^ birth to 
the superplios])hate industry which sprt*ad ra])i<lly in (ienuany, 
(ireat Ih-itain, and France.* * ^ 

The Manut<u‘(iiif <>i Siijinfilui.'iitJitiics fnim iHr)0 /e 1H70.—It 
is interesting; to follow the new industry in th(‘ ilil'fenmt ])lmses of 
its evolution. Th(‘ theory of supi*rphos])hate manufacture is in 
itself verv simple. Uaw ])hosphales contain phos|)hofic acid, as 
trihasic phosphale of*lime, insoluhh' in water, ami (?ons<!(juently 
not assimilahh* hy plants, 'riie task of !h<‘ mamifacturer of super¬ 
phosphate consists, therefore, ess(?utially in conv(!rtine thft insoluhle 
phosphoric acid of raw phosjihates into water soluble or citrati? 
soluble ^)hos))horic aci<l. This is ilom- by treating; them with 
suljduiric acid, which removes as ;;y]>sum two parts ot thr* lime 
with which the phos])horic* acid is ectmhined, hsivini; one. jiart of 
the liny- comhiiuMl ’with the ]>hos])horic acid, as the monobasic or 
acid phosphate of lime soluble b] water. The product so converted 

• 

* The writer Iiuk no intentitni of ih^parai^'ci' hielii^'^ i laitn to tlie treatimtiit# 
of hones hv acid ; hut tin: treatnieiit of (?oproliti‘s and injnelal p#«»Hphate !>)' Hci«l 
wa». lirwt suKKested hy tfie Itfv. Mr. Ibuislow.. Mr.^fiiiwrK either pn's<'nt at 
Mr. Henslow’s lecture or read a report of it; he took out a patent for the proe<‘hrt» 
«,nd proceeded against Mr. I’ursei for digging for ooprolite%on his (Mr. Ihirser'w) 
own lan<l for the pniposes of treating them hy aei<l so as to dinsolvit tlujhi. liong 
litigation ensued, which was afterwarrls settli^d amieahly. [.awes #?stiil)lished 
a factory at Deptfonl an I Put-;er at MilKvall, with the river 'I'hames hetween 
them. Purser’s Millwall factory was closed in the early nineties, f^awos' niamire 
factory is now at Barking. The mineral suiierphosphtte industry is a British# 
horn indu.stry, like the sulphuric aeid maiiufacture.—Tn. 




TO CHEMICAL MANURES 

is called superphosphate, since it contains more phosphoric acid 
than the normal phosphate.’ • * 

As regards the simplicity of the process, the installatiorjp of the 
first superphosphate factories were very primitive. They contained 
little or no machinery. Three sheds, one to cover the raw phos¬ 
phates, the other the den in which to dissolve the phosphate, and 
the third for scoring the superphosphate. So much for the factorv. 
’ The tools in the beginning consisted of a few harrows, hoes, rakes, 
and a sieve called a screen—that was all. .^s to the indoor installa¬ 
tion, it included a sulphuric acid tank, a few lead-lined measuring 
tanks, and three or tour rectangvdar, round, or square dens. These 
dens vyere first made of brick steeped in boiling tar; afterwards 
cast-iron cases one inch thick, and sunk in the ground, were used. 
The method of manufacture was the following : A certain amount of 
sulphuric acid of 50“ to 52' B. was run into the den ; at the same time 
the phosphate was weighed and heaped on the edge of the den. Th ree 
men, each armed with a rake, agitated the acid, whilst the third 
gradlially shovelled in the phosphate. The mass soon thickeped, 
and even set before the nmixing” was complete. Nevertheless, to 
obtain a homogeneous mixture the mass was triturated by bringing 
it from one side of the den to the other; finally it was filled into 
barrows and removed into the superphosphate shed. There it lay in 
heapp for a month; finally it was hand screened and sent out to 
customjtrs. When well dissolved, it gave no core, any lumps 
being crushed by the back of the shovel, until sutliciently fine to 
pass through the screen. By such simple means sufficiently dry 
superphospRatt^^ were obtained, comparatively line and well dis¬ 
solved. These inetho<ls sulliced^at that tiiner because the very pure 
raw phosphates were d(.'livered in the ground state, or at least 
suffioientlj' fine to pass tlnough the scieen. 

1871 to 1880,—During this period the raw phosphates used, 
included spent bone black from sugar works, and guano feom the 
Pacific Islands, Baker, Jarvis, etc,, were chiefly used. From 1871 
Mejillones guano Ix^gan to be used, and' then the first difficulties in 
the manpfacture were met with. The larger factories then ii^stalled 
fiatstone mills, roller mills, or stainp mills. This eipiipment, how¬ 
ever. soon becamr, inefficient when it was a question of working 
'mineral phosphates such as Uanadian or Norwegian apatite. 
Sombrero, Navassa, Uurayoaand .Aruba phosphates, Mexican guano, 
’.-ock phosphate, bone asfi, etc. Powerful crushers were then added 
to the fiatstone mills, for it was realized that fine grinding then, 
became "essential in dissolving the phosphate, and in drying the 
supeiphosphate. .\t the sante time, a mechanical crusher and 
sifter for the superphosphate appeared desirable. It was thus that 
the crusher called (Iw.r's disintegrator was adopted. This machine 
did not at first always aitd everywhere give the result expected; 
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the superphosphates, unless siiitahly dissolved, were converted into 
p4st(» Such was the state of affairs aliput 1880. But to follow up 
the treatment of the phosphates : .\t the outset of the niamifacturo 
of supei^hosphate, the manufacturer was himself his own chemist; 
he suhmittetl his raw phosphates to a series of dissolvinf,' experi¬ 
ments, varying the quantity of acid each time. lie then sent samples 
to an analyst of the superphosphates which appeared to have 
succeeded best, then he applieil to the stock of phosphates the 
treatment estahlished hy nropinj; in the dark. Each new raw 
material required fresh experiments. It is haiilly necessary to 
remark that such a method of workine was feitih^ in disat>reeal)le 
surprises for the manufacturer. This remark may hitve applied to 
continental manufactoi ies hut it would 1 m’ jrossihle to ‘name keveral 
JJritish manure manufactories the work of which was ctintrolled hy 
chemists 1.5 to 20 years prior to 1871, and flat stone mills were also 
in use prior thereto. The tnvnslator has handled works lahonvtory 
journals of the early lifti(‘s, which show the inannfactnri' was even 
tluyi under strict chemical control hy (pialilied men on the *ipot. 
British manure patent literature of the eaflier days speaks for itself. 

1880 Id 181M.—In spite of the t;ood ipiality of the raw phos¬ 
phates, anu their low percentaf'e of oxide of iron and alumina, 
hitches in manufacture were freipient, and pradnally the need was 
felt for a permanent control. Thus, since <880, factories of any 
importance have each a chemist whose duty it is to follow the 
material throuehont all the phases of its treatment. Thi< cxmtrol 
hecame more urgent when it was ohserved in sonw kinds of mixed 
manures that a cert.'.in amount of the phosphoric aeij had petro- 
giaded, that is to say, it had returned to the ciftidilion insolnhle 
in water. .It the same time that in using the Uanadian and Nor¬ 
wegian apatite, and Florida and other mineral phosphates, chlorine 
and llnorine conqioimils highly injurious to the health of the work¬ 
men, ai^d annoying to the neighhourhood, were evolved. The machine 
for mixing the acid with the phosphate was then substituted for the 
treatment in the open den. The lirst machine of this nature was an 
inclined cylinder, in which a shaft fitted with blades arranged in a 
helical manner revolved ; it was charged with acid and phosphate 
at the upper end, and the inMure was run ou^ at the lower end. 
.Mterwards this apparatus was nqilaced hy a flat mixer of cast-iroi^ 
likewise furnished with an agitator, in which the acitWind phosphate 
were agitated two or three minutes, then ran out into a truck under¬ 
neath, whilst the gas given off hy the phosphate was lairried to the 
open airahove the roof through a wooden chimney. These-machines 
answered all requirements so long as oplv guano or other phosphates 
rapidly attacked hy sulphuric acid were being treated ; however, the 
products were generally deficient in porosity liccausc the greater part 
of the carbonic acid was disengaged owing to.the material remainifig 
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t8o long irt the mixer. Then the system of closed chambei’s or dens 
was adoj)ted, because in diijsolving veiy hard mineral phosphates, 
such as ('anadian apatite, pei)bles, Florida phosphate, etc., a higher 
temperature was required, which it was easier to attain and ftiaintain 
in the closed chamber, where the supei'])hosphate remained for about 
twelve hours; further, in connecting it with a well-constructed flue 
for the disimgagernent of the acid vapours, the health of the work¬ 
men was safeguarded. When the chamber possesses two flues tor 
the disengagement of gas, each 1 metre (d'2lS feet) wide, and these 
flues are each fitted with a fan, and can he put in connexion with 
the chimney stack of the factory, or with a condensation plant, it is 
easy to eliminate steam and acid gases, ,\ dritn-superphosphate is 
thus ot)tained, and during the emptying of the chamber or “ house " 
the workei'S can enter without running the risk of getting “ gassed ”, 
But in actual (iractice dilliculties are frecpiently met with. As 
ah-eady mentionisl, as far hack as 1.880 it was necessary to instal 
plant to condense the gas(! 0 us chlorine and fluoiine compounds; 
thesv consisted inostly of wooden or masonry towcns drenched \)',ith 
water, by a Koei ting’s vaporiser. The hydroHuosilicic acid obtained 
under these conditions can Ix! converted into silico-fluoride of 
sodium, the selling prici! of which covers the cost of condensation, 
leaving even a slight margin. This product, unfortunately, has only 
a limited use as a i)i'es«.rvative. The mixer installed above the closed 
■“ den's ” or “ houses ” is that of Ijoriniz, which is univei-sally used on 
the (lontinent. I lately, dissolving chamhers have been installed 
raised above the floor level, and hell conveyers pass nnderneath to 
facilitate en'idving. This sysh.'in has been adopted by certain 
factoriiis. 1 

1895 /(I 1908,---.Such was the situation fioni 1880 to 1894. 
Superpliosphati! factories possessed mills, machines for mixing acid 
with phosphate, installed above a close den, into which the mixture 
was dischaiged and hd't to itself foi- twelve hours ; arrangeinents for 
elimination and condensation of acid gases, disijitegrators, or roller 
mills, armed with ‘teiah for, grinding .superphosphates. Mean¬ 
while hall mills a|)peared, then hall mills combined with tube 
crushers,'then (jriflin’s jiendidum crusher, etc.; dust chandlers, on 
dirt'erent plans, wert! installed ; mwV'systenis of transport, such as 
(jorial conveyora, bidt conveyors, to bring the phosjjhate to the 
crushers, coal ‘to the boilers, the crushed and screened superphos¬ 
phate to the storehouse., The adoption of aerial conveyors marks 
an important development in the supt!r])hos)>hat(‘ industry, tor inde¬ 
pendently of the eionomv in hand labour, they enable the super¬ 
phosphate? to he thrown on tjie heai> from above, thus ensuring the 
proper preservation of the product. It is closely connected w ith 
electricity, the iugeiupus applications of which allow the use of 
m'echanical equipment, in all iiarts of the factory, in many parts of 
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which it would l)e iinpossilile to erect shafti?l^^ Electricity and aerial 
cdfivwei'S form a sort of connecting; link lK'tW(*en the ditTerent 
appliances in the factor)-, contrilnftin^ greatly to their increased 
output. Electric light diffuses cheerfulness in all directions ; the 
electric motors driven from a central station work siknitly in the 
most distant parts of the factory, the ditVerent organs of which thus 
work in perfect harmony. A most important (jiiestion is that of 
judging the treatment to which snpcr]»hos])hatcs should he sul)jecte<l 
from the moment it is shifted from the den. st) as to obtain in the 
most simple and the most ra])id manner a goo<l juxaluct wliich will 
keep well. With tin* object of solving this jaoldcin, numerous 
processes have l>een clalwi-ated. all ■converging to the same end, 
which is to secure a diy pulverulent ])hos]>hate easily distrihnfed by 
the drill sowing machine. The origin of these researclu's dat(‘s from 
the lime when Florida ]>hos))hat(‘was first used, which from ISUO 
was and still is one of tlur most im))ortant raw materials of super¬ 
phosphate l'actori(‘S, aftJTwards ilu' ]>hosphatesof Tenness(M\ AlgiU'ia, 
and^Tunis. Su])er])hos}ihaies inade from I’’lorida phoH])hate Vre 
distinguished hv a high ])ercentage of fre^' phosphoric aci<l which 
attracts moisture from tin* atuiosplicre atul keeps the material <lanip. 
Th(! simjiiest means of remedying this inconvenienc(‘ eonsist in 
drying them, and thus (piite a series of drii-rs have been constructed 
for the purpos(‘, M the ])r(‘senl linn* iill sftpeiphosphates, and 
especially those inteii(h‘d for export, are dritxl. Hut it was soon 
observed that if drying diminished the percentage of nioisfnre in 
the superphos])hate, it increased (he, ])(‘rcenLage'of free phosjdioric 
acid, and of hydrotluosilicic ac.i<l. and in such conditifms, whilst 
a))pearing dry, they pev^sessed the: ])roperty of attnteding moistmx^ 
and attacking the canvas of iht^ hags. Ste(^})ing in gum kino extract 
was, however, found in Australia to nmder manure hags rot proof. 
In 1H9() it was discovered that degedatinized hom^s, and ujore 
recently ^iafsa phosphate, ari’orded simple iii(‘ans of drying KU]M‘r- 
phosphates and rendering them ])iilvcrulent without exposing lliem 
to retrogradation. This jjoint will he r(‘\«erted to in the wnpiel.* At the 
same time several specialists in this industry, imlcpcndently of cavch 
other, have endeavour(*d to find methods for obtaining goo(1 sujxn- 
phosphates whilst imparting great ra])idity to the^vorking proci'ss. 
In this xvay the grating machine was invented (Ileyinann and 
Nitsch’s process). Ihit exju-i icnce ])rove<l lhat^,)erfect results could 
he obtained only by fimdy dividing the. suj^erphosphates from tin* 
ijiixing den and by diminishing its free acidity.. This ix^snlt has 
been fullv realized. Owing to imj)rov(.‘d eijuipment, means are 
available for producing from any raw pbosj)hates, KUj(eri)h?>H))hates 
which answer all rtajuirements, since it has been recognized that 
diyness and the pulverulent state of the superphosphates depends,, 
•in the first place, not on their percentage of moisture hut on their 
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free acid content. The recently discovered phosphates of Christmas. 
Island and Ocean Island enable phosphates with 20 to 21 per cint 
of phosphoric acid soluble in ‘water to be produced. Thus, as- 
already observed, it is Florida phosphate which has Seen the 
occasional cause of the troubles in working which we have just 
enumerated. This same phosphate more than any other has been 
a most difiicult problem to tbe chemists owing to its high percentage 
of oxide of iron and alumina, which are the great enemies of super¬ 
phosphate manufacturers. The retrogradation of the soluble 
phosphoric acid brought about by tbe presence of these compounds 
have caused no end of trouble to tbe cbeinist and manufacturer, 
and if the mf3ans of preventioirbe not possessed by a factory working 
on tbe large scale, tbe causes and conditions under which they are 
profluced have at least been determined. Cbemistiy, the inseparable 
companion of industry, has taken a considerable part in the progress- 
realized in superphosphate manufacture from its birth to the present 
time. (Ihemists are attached to all manure factories; to them; 
belftngs the merit of freeing this industiy from empiricism.and 
establishing it on a truly scientific basis. French chemists nave 
had a large part in the development of the manure industry. Their 
learned researches joined to that of French geologists have greatly 
contributed to the realization of the value of the French phosphate 
deposits, the immenitb reserv(« of which will suffice for a long time- 
to c6ver the reipiireirKUits of French agriculture. That we in Great 
Britaid have not a voluminous special literature dealing with the 
chemistiy of manuri! manufacture, in no way detracts from tbe 
merits andxilaims of Ifi-itisb agricultural and manure works chemists. 
Our Patent Ollfce records prove that they hiuve been first in the field 
in all blanches of research in this ilomain. Both French andl 
German fcurrent methods of precipitated phosphate manufacture, 
double superphosphate manufacturi-, and such like, are all borrowed 
from British patents like those of Professor Way, Benjamiin Tanner,, 
etc'., dating back to the sixties and seventies of last centuiy. 
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THEOHY OF TIIK MANTFACTI UK OF SOFFI^.F PHOSPHATES. 

It has already been seen tliat to render the ])]jOH})l>oric iV 4 ?id irt 
raw phosphates solulde, wlien it exists as trihasic pliosplmte of lime, 
(’aj(PO^) 2 , it suftices to replace the two atoms of tiyad calcium by 
four atoms of hydro^^en, which is done by means of sulphuric acid, the 
monobasic phosphate of lime, or acid ])hosphate of lime, C^iH 4 (P()^)j, 
soluble in water heinj; pro<luc(*d, the calcium displac(‘d by sulphuric 
Hci(> forraint; i^^ypsum, (/aSO,,21I.XX accordinj; to the following 
equation • * 


Ca.,(l*0<),. ‘ill,.SO, 

+ 5H.,0 ^ 

. CaH,(l*0,),H/) e 

‘2FmSO,‘2H,1» 

Tribasic o » i 
, . . Snlijlinno 

pliosphaU* ' . 1 

of lime. 

Writer. 

Monornlcic^ 

plro^^phate. 

Sulpluile 
of lime. 

t\\() F.Mi 

'.Kl 


:ii4 

r>lM> 


5'Mi 



As the equation sh«ws,the sul])huric acid used ft suiptuiric acid 
which has not been conceiitmted, tliat is to say, it contains a certain 
amount of water incidental to its nianufactiin'. This water assists 
in the crystallization of tlie two new compounds form(‘d -■monocalcic 
phosphaie and gypsum -and at the same tinn! lu^lps in reducing the 
consistence of the mixing, thus facilitating decomposition. ^ In fact, 
if the mass formed by the'mixing of jdiosphate and aciU he too 
thick, yie new salts, especially gypsuin, set and hardeii mpidly 
thus protecting a certain arnoun^t^of the, raw phosphate from coming 
in contact with the acid, (lypsum forms, so to s^x'ak, the skeleton 
of the superphoR))hate. IJut th(^ convei‘sion of jaw insoluble* 
phosphate into soluble phosphate is not accBmplished in such a 
complete and adequaR; manner as the equation a^jpears to indicate.* 
•Experiments have proved that the insoluble phosphate is rendered 
soluble in two somewhat parallel stages. The first, yielding free 
phosphoric acid and gypsum, extends only to two-thirds the tri* 
calcic phosphate. In the second the free phosphoric acid acts on the 
remainder of the tricalcic phosphate, combiiitig with it to forqj 
acid phosphate of lime or monocalcic phosphate. 

(75) - 
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(1) 8Cii,(l'0,)j + 6H„H0, + vm.fl = 4H,P0j + Ca,(POJs + t)(C«S0,2H,0) 
Calcium Sulphuric , Phosphoric Tribasie ^ i. ♦ 

phosphate. acid. ' , acid. phosphate. Gypsum. 


4(H,P0,) + Ca,(I*0,)a 


J’hoHphoric 

acid. 


Tribasie 

phosphate. 


+ :^H,0 ^ 

Water. 


CaHj(l*Oj, + H.^0] * 
Monocalcio , 
phosphate. 


dtMnonstiiite the soundness of this etjuatiou by treatinf 
^10 paits of tiibasic phosphate of lime with 196 parts of mono- 
hydrated sulphuric acid and 90 parts of water, diluting the masi^ 
rapidly with watei' and filtering (piickly. Two thirds of the phos- 
phoi-ic acid ,are then ])resent in the filtrate in the free state. But 
1 t e.^inasH he diliiteil after it has set, ali the phosphoric acid exists 
in the filtrate as monocalcic phosphate. The explanation lies in 
the fact that phosphoric acid is a much weaker acid, and acts 
more slowly than suijihuric acid; the reaction of equation (2) is 
therelore accomplished more slowly than eciuation (1). If an in¬ 
sufficient amr>uMt of sulphuric acid he used for conveision, onlv 
liicalcic phosphate is obtained - ,, “ 

Ca..(l'0,).^ + ILSOj ^ Ca,dLi(l'0,).j,4lU) + CaSO,2H.p 

III this conversion, a portion of the tribasie phosphate of lime is 
lirst Iraiislormed into moiiocaleic phosphate, Can,(PO,)., which then 
reacts with the remafhdor of the tribasie phosphate of lime 


• (;afIj(Pop.„u„() + CaB'OJ., + 7U..0 ... •JCh.,H..(1'0)„2H,0 

■-'« aid - i2ii 


()KH 


()HH 


I'ree phosphoric acid, as previously stated, renders the super- 
phosphato.damp, pasty, ami unlit for distriljution (passiiiL' throu</h 
the drill, etc.) iii its raw condition. If the raw phosphate he 
umdered soluble, by hy.lrochloric acid or by nitric acida no free 
phosphoric acid is .obtained hut merely the acid phosphate of lime 
which IS’ very soluble in water. Dry supeiphosphatos can be 
obtained in that way. But such acids are less abundant and cost 
much >'>6re than sulphuric acid. Jlydrochloric acid when* it can 
be hiid cheaj), is i^umotimes added the proportion of lO per cent 
.to the sulphuric acid But the phosphate is not rendered soluble 
by hydrochlotic acu* alone as that would give rise to calcium 
■ch oiide, which is highh-deliquesoent, aud cause the superiihosphate 
to be <lamp aud unsaleable. Moreover, calcium chloride is injurious, 
to vegetation when present to any great extent. In presence of 
sulphuric acid any calcium.chlorido which may he formed is con- 
vertoi into calcium sulphate aud hydrochloric acid, which latter 
Assists in dissolving phosphate. 

From the following equation the Quantities of sulnhnric acid < 
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and water required to dissolve a given amount of phoafihate lua) 
reidily be calculated :— 

CUl’Od, + -Jn-iSO. + •’iH-.O Ck\I,| 1’(),).,H.,0 + 2(CHSt),eH..()| 

310 I'.W IH) 2.Vi ■ ■ 314 



In this connexion it will be well to bear in mind that the 
symbols indicate not only the elements but precise and accurately 
determined quantities. Tims the forimtia for water (H._.0) indicates, 
not only that water is composed of the two elements, hydrogen and 
oxygen, but also that it results front the comliination of one atom 
of oxygen with two atoms of hydrogen. As the atpmic weight 
of hydrogen = 1, and that of oxygen = Id, it will ht> at once seen 
that'eighteen ))aits of water consist of two parts of hydrogtai and 
sixteen parts of oxygen. These ligures apply ecpially to tons as to 
grams. The following is a similar cjilculation for iihosphales: thus. 


iril)iisic phosphate of lime eoiUains 

,\{<niiip 

WViulH. 

CiiUium (<■«! 

40 

riioh]ili<irus (!’) 

.. 01 

0.\.v^;pii (0) 

Id 

I. A moircule of f tluTcfor 


(’>1.. 40 y ;i 

120 

IV,' M X 2 

02 

0* t h; V H 

I2K 


am 


2. .\ molecule of sulphuric iicid, ll^SO, (11 ■ 1 ^ S ~ .12; 
() = Ki) = 2 + 112 + (Id X -1) !)S. Huttrihasic|>hosiihat(Miflime 

requires two molecules of sid|ihuric attid to render it soluhht; we 
thus get*2 X (IH = Kid of sulphuric acid and .0 x IH ---- (Id of water. 
Sulphuric aciil niay iilso l^t; calcuhited as and II.O, or tis. 
anhydrous sulphuric acitl iual wtittu’. ^V) rentier the jthosphate 
soluble*!) + 2 — 7 molecules of water tut; retjuired. It* lollows, 
therefore, in older to dissolve .did parts of trihasic phos])hate of 
lime, that the 31d parts of CaAPOt); must he piTt in contact with, 
160 paiis of SOj and 12d itarlsof water, Onejtart (tmy one ton) of 

CajP.iOj requires therefore - d'.5ld pafts SO, and .juj = (lAOd. 

parts water, or for JOO parts :— 


KM) X O-ZiK) = Zil-fi SO. 
100 X 0-40f. - 40 0 „ H.,(> 

•I'J'U dil. liJiO* 
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' Now &8 92'2 parts of H^SO^ contain 51'6 parts of SO,, 100 

parts contain 5.5;96 SOj. It is, therefore, aciS con- 

taininj' 50 per cent of SO^ that has to he used. On consdlting the 
table hy fjunge and Isler, at the end of this hook, it will be found 
that acid of that strength has the specific gravity of I'OOO = 54° B. 
or 120" Twaddel. But in actual practice it happens that the acid 
used is more concentrated or more dilute. Suppose that the acid 
marked 00° B., according to the table above mentioned, contain¬ 
ing 0;j'7 per cent SOj, be used, it will be necessary to take 


510 X too 
(i3-7 


ir= 81 parts to render 100 parts of trihasic phosphate of 


lime iloluhli!, and it would Ire necessary to add the required amount 
of water thereto. If the acid weighs less than 54° B., say 50° B., 
the same method of calculation will give the quantity. Acid of 50° 
B. contains 5104 per cent SO;,, therefore it would be necessary in 

such case to u.se parts for 100 of Ca^PjO,,. ^ 

Kjfixt nf the, impurities in Phosjiluites on their Behaviour in 
the, 1‘roress by niiicJi they are Rendered Soluble .—Raw phosphates, 
however, contain several other compounds besides trihasic phos¬ 
phate of lime—such as carbonate of lime, oxides of iron, and 
aluinina, calcium Hudride, decomposable silicates, etc. If, therefore, 
the anY>unt of sulphuric acid required for the phosphate only were 
taken, the latter would not he rendered completely sohdrle, because 
the sulphuric acid would act upon the carlronate of lime first and 
then the trtUalcjc phosphate. It is thus necessary to determine the 
percentage of th(!se ingredients in the phosphate an<l allow for them 
in calculating the acid. 

Carbiduites of Lime and ULnjuesia.—-In treating phosphates 
with sulphuric acid, the carbonates are attacked first. It is usually 
carlsruate of lime that is present since carlronate of fcagnesia 
is only met with nwely, for example, in Carolina and Florida phos¬ 
phates. Carlxmate of lime ik, therefore, dissolved at the very first, 
then follow the other compounds in the order of their Relative 
stability. The decomposition of ,^he carbonate of lime and the 
consequent formAion of gypsum which follows causes an energetic 
* reaction, whi<j}i is very favourable to the progress of thedecomposition. 
The heat ilisengagen is beneficial while the carbonic acid in its 
•effort to escape raises the mixture, rendering it jrorous and spongy- 
like a well-risen l«af in the bitker's oven, and thus facilitates dryingt 
More than 5 per cent of carbonate, however, acts unfavourably, in 
this sense that, leaving the expense of the extra acid out of account, 
it naturally results in an excessive amount of gypsum being formed, 
jvhich is detrimentaKo the finished product, as will be seen in the 
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sequel. The quantity of acid absorbed by the carlxiiiate of lunp 
wlfeiiiin small amount (I part of CaCQ^ requires P5 parts of SO,) 
is compensated to a great extent dry the advantages accruing in 
' ‘‘ mixing” and by the quality of the superphosphate. Phosphates 
free from carbonate of lime heat hut little in contact with acid ; the 
reaction is consequently slow, the openvtion takes longer and the 
final product is difficult to dry. To reme<ly this defect in treating 
phosphates of this nature—apatites, for example - it is la'st to mix 
them with phosphatic chalk during grinding, hut thi‘ superphos¬ 
phate which results is, however, not so homogeneous as that obtained 
from the chalky phosphates of .\lgeria. Tin; amount of acid re¬ 
quired to decompose the carlxmates is calculated from the following 
erjuations:— 

CaCO, t + FI.,0 CaSO,3H,() + CO. 

too + as + IS '-.-' 

.. 17'J - It 


MkCO, + ll.so, + liH.O Mk'SO,71l.,0 -I (to,-. 

St + tis + lets ati; + tt 

'.’tin * 'j'-Hi 

Magnesia is also met with, hut in smaller (piantities, as trihasic 
or neutral phosphate. The following reaction then occurs ; 

+ 2H,SO, + Hill./) M>;II,(I'0,)„2H./) I- 2M«S0hH., 0. 
•iMaHl'O, + ll.so, + '.IH,o . .Mi;II,(1’0,),2H,jO I MKSO,7H.,4i 

,\cid phosphate of magni'sia is not delii]uescent and not decom|.)OSed 
by water. • . 

lo/iiiu '.—(Certain i^hosjjhates contain ioiline, a* calcium iodide 
(Cal.l, which is converted by the sulphuric acid into hydriodic acid 
at the ordinary ti'injairaturi' of the “ mixing" ; when thetnass heats 
the acid reacts on the hydriodic aciil, foiining iodine which is 
evolved,as a violet vapour. Phosjihoiic acid has no action on 
hydriodic acid. 

Calcium Flimritle. - phospltates contain moi'i’ or leas 

■calcium tluoride. -This substance is likewise decom))Osed by sul- 
phuric^acid at a temperature above ■(() (h (104' F.|. K is then 
given olT as gaseotis hydrolluotffc acid. Hut th(j lattei' acts in its 
turn on silicic acid ami forma with it silicic fluoride. These two, 
reactions may la: rejiresented thus :— 

CaF, - 1 - HjSO, -e 2H.,0 = (.'aS(4,2H.,0 -s 2HF 
SiO, -I- 2CaF., + ‘dHjSO, -h 2H.,0 = HiF, > 2(:aSO,2H./) 

The silicic fluoride makes itself evident J)y a penetiating art iil odour ; 
it decomposes in presence of water into gaseous hydixifluosilic acid 
which volatilizes, and orthosilicic acid 

3SiF, -p 4H.,0 =. 2H.,SiF,.. -i- !Si(uH), 
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ftaseous Hydrofluoric acid acts on silicates to renderthem soluble :— 

Al.,(Si03)3 + OHF = A1.,F,., + 3H,SiO, 

Al^fSiO,)., + 18HF =Ar,F, + 3SiF^ + 9H.,0 „ 

CaSiO.,'+ 2nF = CaF„ + H.SiO., 

CaSiO,, + (iHF = CaF", + Sil'\ + 3H/J 

Ost observed that in the “ dissolving ” j)rocess two-thirds of the flu¬ 
orine contained in the phosphates escapes as gas, whilst one-third 
remains as calcium fluoride ; hut according to Klippert 50 per cent 
of the fluorine is disengaged as gas, 30 per cent remaining unde- 
composed, and 20 per emit is absorbed mechanically by the mass as 
IIjSiF„. Fossil hones may contain as much as 10 per cent of CaF.,., 
SHicate.i iif Lime, and Alumina .—^The silicates CaSiO^, Al.,(SiO.,).| 
are partly soluble iu suljihuric acid and partly insoluble. The 
silicates of lime in Algerian phosphate ai e decomposable by sulphuric 
acid, the silica being precipitated as a gelatinous swollen ma.ss, 
which may enclose a certain amount of insoluble phosphate of 
lima protecting it from the action of the acid. The undecompjsed 
silicates of alumina ah.sqrb acid mechanically and are gradually de¬ 
composed by it. 

O.nde.a iij [run and Almnina. -The presence of oxides of iron 
and alumina in raw phosphates has serious drawbacks. It may 
in some cases preveftt their use iu supeiyihosphate manufacture. 
The Iron is present in difl'erent forms, most often as oxide combined 
as phoSphate, more rarely as free oxide or as protoxide (ferrous 
oxide). It also occurs as sulphiile, FeS^, either in a fine state of 
divinion as» in Tennessee phosphate, which contains as much 
as 4 per cent.'in the river jiebbles of the, (Jarolinas, in certain 
Jlelgian pliosphates, or as lamellai in the phosphates of 1‘odolia. 
J5ut sulphide of iron is usually present in too small a quantity lo¬ 
calise serious trouble. Phosphates containing protoxide of iron 
(ferrous oxide, FeO) have a greyish-black or blueish-grey colour 
like certain Florida, Tennessee, and Carolina river pebbles. In 
the process of “ dissolving ".phosphatits the iron compounds are 
decomposed more or less rapidly and comjiletely according to the 
form in \thich they occur, according to the nature of the phosphates, 
the amount and khe concentratiob’of the acid used, and finally 
<iccording to the extent to which the " mixing " becomes heated 
during the re-Rction. • 

^ decomposition takes«place thus :— 

3FePO, +‘.311,,SO, S (PeFO,2H3PO,) + Fe.,(SO,L 

If sulphur'c acid be employ*-d in excess all the phosphoric acid is 
liberated:— 


2FePO, -i-*3H3SO,1;2H5PO, + Fe.,(SO,f 3 
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The decomposition of the piiosphiite of iron tlieiefoio \ rdds phos- 
phorig acid and sulpliate of iron. .A portion of tliis suliihate of 
iron reacts on the acid phosptmn* of lime with formation of a 
* {^T'latinoSs precipitate, wliilst a small proportion renmins inactive 
and can be detectial in tlie aipieons extract of the snjan-phosphate. 
This amount is alwuit 2 per cent. Consecpiently the presence of 2 
per cent of oxirle of iron in (raw) phosphate has |iraclieally tio 
mjurions (‘ITect. that amount remainintt as solnhit* sulphate if the 
acid l)e slightly increased; when the prO)>ortion of oxide of iron 
amoutits to -1 or 4 jH*r cent it always causes a loss of solnhle phos¬ 
phoric achl. Jteyond 1 per cent the phosphate becomes indit for 
superphosphat(^ mannfactnre. In his excelletit treatisi' on super¬ 
phosphates, hchncht insists oti this special point and ex^ilaitis 
the preci))itation of the phosphate of iroti thus : 

<.:aIl.|tl’(),).,K.,() -f Fe,.lHO,)., +r.H.,C) =. Fel't)|2H,,() + 
(■aSt),2II..O-f 2I1.'S(U 

-f Can,(l’(),).ll.,l) -li 11,0 = ('aS(),2ll.,t) + 211.,PO, 

• ■2(FeI'0,2}U0)+ 4fl,,l’(.), - Fel'(),21l,,r(); + lll.,t) ‘ 

He dcmonsti‘at(‘s the course ot these rr-actioos by the following 
small experiment. If to a solution of asnpi‘rphos))hale an acid solu- 
tiot. of a salt of iron is added phos])hate of iron is (irecipitated. But 
a(;cording to tlu-ir dt.'gree of concentration supt^plursphate solut ions 
act dill'erently oti solutions of oxide of iron ; thus a 2 |ii'r cent sohftion 
precipitates Immediately all the oxide of iron, a I )ier cent solution 
gives a weaker reaction, and in a ti jier cent solution the reaction 
occurs slowly. Cons'spienlly the greater the amoimt of tree- 
phosphoric acid in a supeiphosphate solution, the TnoiX! it retains 
the iron iti solution. If a solution of a feri nginons su|)ei-phosphat.r‘ 
he evaporated to dryness and water is added to the resiiluc, a chute 
solution is not obtained, hut a stjintion with it considerable |irecipilate. 
This hytltjtted tjhosjihatc ol iron may pass in the sujieiphosjihate 
into the completely insoluble state, when its constitutional water is 
removed from it hv the crvslallization,of the amortihons sulphate 
of lime : - 

* Fel'0,211,0 -r- {:aSO,2H./4 -t h'el'O, ’ 

This explains why an incompletely dissolved or letrograded 
superpln^sphate cannot he improved by (urtl^T treHttnetit with 
sulphuric acid. In such case there is ohtayied a wet tacky mass, 
the acid uniting with the gy]isum to form Uall.jfSOj),,. It is only after 
a^ertain time, after numerous treatments followed by drying, that 
this free acid reacts on the non-di-comj)Osed phosphate, ^lut not 
on the phosphate of iron. On the other hand, the hydrated 
phosphate of iron is soluble in tlie free |)hosphoric acid of the 
superphosphate, but only in a transitoiw fashion, 

(i 
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Oxide of alumina in the proixirtion in which it generally occurs 
as AlPO, in raw phos|)hat.es does not exert directly any in^ueaios 
on the retrogradation of the phosphoric acid. Contraiw to whal 
takes place with oxidt; of iron, the hydrated o»de of^ alumina 
A1„0.|3H.,0 does not hecome soluble in acid until after ignition. 
The hydrated phosphate of alumina as well as the anhydrous 
phosphate of alumina is soluble in the precipitated condition in 
phosphoric acid. That is why it is unnecessary to eliminate thf 
phosj)hate of alumina from raw phosphate when it occurs only tc 
a moderate extent. Alumina as silicate may j.rove injurious ; il 
it he not decomposed hy the sulphuric acid it may in certain cases 
.cause the ictrogradation of a portion of the ])hos|)horic acid. 

dh-ijanu'Matter. —According to the origin of the phos])hates 
■organic matter may he pnssent which is caihonized in the mixing 
process eitlusr by sulishuric or ))hos))horic acid. The dust givei 
off by cs.rtain phosphates (.\lgeria, (jafsa) during grimling diffuses 
a had odour which it is impossible to eliminate during manufacture 
Ignition aloius does away with it. (ioisrolites, f.'arolina phosphate 
ptshhles, .\lgerian phosjiliatts give off an odour of ichthyocol or o 
naphthene analogous to that given off on heating petrolifeiom 
shale, limestone, etc. Thests odours are due to the decompositioi 
■of the remains of the fat of marine animals. Moie often, however 
a penetrating odom is given off from ])hosphates, resulting Iron 
th(s"isvolution of volatile organic mattt.’r, w hich is not (hscomposet 
hy sulithuric acid except at the high temiwratuns incidental to tin 
mixing proetsss. These remains fni iu a nitrogcidzed and sulphurous 
charcoiil, .t.vhich is then conveited into com))ounds with an acris 
and penetrating odour, ('eitain coprolities even exude a sor 
of tar during di ving, e.juivalent to as much as O o ])er cent of tin 
mass. The above shows how variahhs the raw materials are whici 
are met with in course of manufacture. 

Method of DetermiiiiiKi the AiiiokiiI oJ .IriVf to lesc in^Oreier h 
Jleiidcr the, t'hoajihate Soluhte. It was si long time before an agree 
inenl could he reached as todhe ipiantity of sulphuric acid necessar; 
to render the i siw phosphate sohdile. The manufacturer had th. 
alteriia'iive of completely dissolving the phosphate hy the use of i 
large (piantilv of-sulphunc acid, hot the superjihosphate so produce! 
- was loo moist to he spread hy means of the drill, or of using les; 
acid and only* incoii pletidy dissolving the phosphate. This difficult; 
has been overcome hy, installing suiieriihosphate drying machines 
so that now there need he no difficidty in arriving at the ri.quisiti 
amount of acid'to dissolve the ))hosphalc completely. To cal 
dilate die acid some proceed in a puroh empirical manner, h; 
using 1 ton 4 cwt. of sulpfiuric acid of 50 H. for one ton of Irihasi. 
phosphate of lime., and adding the suriilus of acid necessary t< 
saturate the carbonate of lime ; others saturate two atoms of calciun 
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with ooO <,M-animes of sul[)hiiiiu acid of oO’ Ih aiul increase tliis 
(juUnliiy by that necessary to saiumie tlH‘carbonate of lime and ilie 
ses4}uioxide. thiw of sulpfiuric acid «f 5() H. foroiu' of st^squioxide ; 
‘Others, fmally fttariin;; from the anaylsis of ilu* raw phosphate, 
nse t)ie amount ol acid lUMjessary to saturate ilie s(*s(juioxides and 
the total lime, less the portion of tin* latt(‘r inherent to tlie formation 
of acid phosphate of lime. The last method is evidently the Ih'sI. 
since it is based on a well-acce})ie<l llu'ory; it was al\\a\s usetl for 
irealin;; l^manos, which, owin^ to tlu‘ preseiua* of bibasic )>hosphate 
of lime, were dissolved with the ^neatest east'. Put as already 
iiieniiotied. miiuaal ])hosphates often contain small amounts of 
silicates, which likewise alisorh suljihuric acid. Taking' the foref^^iinj^^ 
taels into consitleralion jn actical imm have conchuled that th^ best 
metluxl is to make a trial inixin;;. These trials ou'^ht to he carried 
out each time on a sutliciimt amount of mateiial to lill the mixer. 
.Xcconlin^dy, the ])hosphale and aei<l art' mixed liv tin* aid of tlu* 
a-ritaior and the jtrocess is conducletl exactly as in noiinal woi kin^'. 
Tlu* ri*aclion, whioli lakes place in the mixin^j; den, tint's wot 
eonstsi Milely in tlie heat in;^ t)f the niatt'riais, us one would lie inclint'tl 
to inia; 4 ine. lu-caust* if that wt'it* tht' case the saint* result woukl 
be iUlametl by ht*alin;' the sulpburitj aci«l or even the material 
on wliicfi it acts when working on the small scale. In ibt* e.ast* of 
C'.'rlain mineral jihosjilialt's. such as ('aiia(lian«a])atite. mixinj,^ tt'sL 
ti ials never siujceed, Itee ulse the pb()s])lu)ric acitl fta rned in the first 
plla^.c t)l the o])eiation cannot immetliatelv exertnst? its action ?)n tlu' 
rest of the phosphatt*. The operation dra^^s, tlu* substanta* remains 
])asty. the. sulphuric ii:*id aaratUs iiioisiure. its actioiu j^ratbajlly 
liecomes wt'akiT, anti, linally, a had tjualitv superjilu^'pfiate rt'snlts, 
A rou^'h trial lest ^ivin;^ n>.eful indications may he. made when new 
})hos))liales ot unknown hehavitiur are lieine bou^^ht in the slack 
season hy treating tht? ])}i<jspliate with acid in an earthenware lut'ad 
]>an, not ^lirrine too much and settin;' aside with the pan lid on 
and inspectine the result after hours'standiii;' in a warm }))ace. 
If tlie mixture drii'S. then it ^ill dry fat h«'tler on the lart'e scale. 

!t is thus necessaiy when new phosjihates an* to he used, the 
b«*haviovfi” of which durm;: mixiiitt is unknown, to make trial fnixint;s 
with (juantitii's of acid near to tlfttft ohtaine«l hy cnjculation, and to 
aiihere afterwards to tlu* amount wliich [^ives the best results. 
With FU)ri<la jilinspliate eood n^sults are ohteine<l increasin;,' 
the theoretical amount, hy 5 jiei cent. It ^ <'asy to understand, 
moreover, that the nclu*r the raw matruial is in phosjdioric aci<l the 
Id^s it should he over-acidilied, siiici- the jihosjihates of that <;ati*;(ory 
•.renerally contain little sesijuioxides or sjiicates cajiahh* of*ahsorh- 
int; the acid added in excess. I'hosphates l ich in carbonate of lime, 
such as Somme and Algerian phosphates. ie4ji|iie monj aciil; hut 
jn any case the excess of acid rarely surpasses o per cent of the 
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quantity’calculated according to their percentage of phosphoric 
acid. . ,, n 

If the trial mixing be vvel> conducted it gives very satisfactory 
results. The supeiqihosphate obtained should be comparatively 
dry and porous when it is cold, .\fter- each trial the phosphoric 
acid, soluble in water, the free phosphoric acid and the insoluble 
phosphoric acid are determined. Rone phosphates are almost com¬ 
pletely renderiid soluble. This, however, is not the case with mineral 
phosphates, which always leave a small amount of insoluble 
phosphoric acid. This fraction amounts to about 1-4 for Gafsa 
superphosphate, 1'7 for Algerian, 1-4 for Ueace River and Pebbles, 
0-5 to 1 for Florida, 1’7 for Carolina, and 2-1 forTennessCe (Schucbt). 
Up fo the 'present the efforts of scientists and practical men to 
abolish this loss have not t)een successful. The density and strength 
of the acid have considerable influence in mixing. Phosphates rich 
in carbonate work best with cold acid, w'hilst those poor in carbonate 
require hot acid. It has be(m found, moreover, that the soluble 
pbosphoric acid is better ])reserved in superphosphates prepared 
with acid of 54' U, than in siqierphosphates made with acid of 
50" B. 

1 )amp phosphates and those diflicult to dissolve require stronger 
acid than those which are dry and rich in carbonate of lime. 

Finally, it is well to bear in mind that superphosphates should 
contain a certain amount of free phosphoric acid. This has the 
effect of retarding the neutralization of the acid phosphate of lime 
by the soil, and regarded from that point of view it constitutes an 
indispensable element of the,superphosphate. 

Schucbt shows in the following table the amount and the 
strength of acid which it is convenient to use in rendering various 
phosphates soluble :— 
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TABLK XL[.—AMOUNT AND STUKNOTll OF ACID TO 

DISSOLVE VARIOUS I’HOSl’HATKS. 
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bn 
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bb 
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bn 
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Silch a latile is nf Course 

Very valualile, Imt it 

is lH-lle 
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' all acid 


to D.O.W \vliKt< v* r he tlic streiij/lh That keeps tla- aei<l nts inuit eon<M.l. 

Hnt if llie <lilTerent of acul use') be Till enler<il at Uie actiml wei^iit 

tiikon, llier^tluTe (;an be i'b> < lu-mical eontrol of t))e iiiiMinnt of itci«l usetl^; nor if 
the manure manufacturer rjiakeslus ow tiueid of iIk- amount of actiUie Imn made. 
The ^'enoral rule is to take llie stock of in hand, ealeiilal^f it to D.O.V., add 
to it the amount useil in mixing;, and take tliat aa the amouiit of aciti minie in 
f.hc season^ whicli, checked a^'ninst tlie pyrites burnt, fjjfv Hio «'iiilo, Hhould 
►'ive a vUdd of 30 rwt. IhO.V per ton of pyriten burnt. 

• 

Mil I'.rif. -v. 1) l-.jlS loinv. (2)M li. ^ I) l-.MO . JOe.Tw, (S).".!'!!, 
= 1-54i> = 10!l-2 Tw. (ti 52 It. -= I) i - 112'(i Tw, (.5) ryi-y It. - 

1) 1 r,72 - nee Xw. (<i) w it. ^ d ini.-, ^ 12 .x Xw. (?) on it. ...it i-7io 

- 142^ Xw. |K) Acid in Great Itritain ib Kcncralty lined an near II I'00 120' 

Xw. as practicaldi;'. It.O.V is acid of D — 1'700 or 140'' Xw'.—Xa. 





CHAPTER VI, 

MANTJPACTl'UK OF SIJI'KIU'HOSFHATK. 

Thk manufacture of superphosphate comprises three ja incipal 0 ])era' 
tions : J. Grindiii}^' the raw pliosphate. 2. Kendcuing the ground 
raw phosphate solulde hy sulphuric acid. 3. The drying of su])er- 
phosphato. 

(irindimj llair Phosp/ialn .—Raw phosphate should be carefully 
ground, because it is found that the lineness of the phosphate con- 
trH)ul(?s to a great extent to th(‘ successful preparation of sup(e;phos- 
phate. Thus the powder should not ]<‘ave more than 10])ercent 
of r<*sidue on a 70 mesh sieve, and this lesidue sliould not exceed 
the siz(i of groats ; it is only when this is dom* that all the phosphoric 
acid is reiuh'red soluble, ('ertain phosphates are deliv{*i'ed ground, 
others in lumps di th(' si/j; of thc! list. To lend itself well to 
grinding the phosphate should l)e dry. Plorida phospliate (“specially 
should not contain inoij; than 1 p(*r c»“nt of moisture, whilst 
Algerian phos])hat(“ grinds veiv well with 5 per cent of wat(‘r. 
Wlu'n (leliling with ]>hos])hate drenched with s(‘a wat(*r in transit 
or accidi'ntaliy in tlu; warehoust', it is sprea-1 U])on a drying ]>lalform 
of sheet iron heated l)y the waste gases from the Hues from the 
boil(‘r furnaces. In the grinding of phosphaU* at tlu^ present day 
ball-mills continuouslv fei“ding and dischargitig are in general 
use, which, owing to their strong construction aiid their steady 
output answer well for the ))ur])ose. In older factories Hatslone 
mills are fre(juenlly used.* (Irillin’s crusher with walking beam is 
lik(‘wise tis(‘d in som(“ rare instanc(“s, but it is costly and re(piii'es 
frequent repairs which beconu* h(“avy as tim(*gO(‘s on. The material 
to be introduce#, into this grinding machine ought pref(*rahlv to be 
reduced in size, and for that pur])Ose (*dg(‘ runners are suitable. 
The crusher, withVdades—disint(*grator—is likewise used, but only* 
to crush phosphate in the form of large no<lules or rock phos])hate. 
These machineJi will now be briefly described, along with the other 
grinding machines commonly iis('d in the manufacture of chemical 
manures. 

(rrindintj Machhu's—Kdyc Abon/rr.s'.—Edge runners consist 
usually of two stones running on a circular plate which revolves 
round a vertical shaft: at the same time each stone turns round its 

(80 
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own horizontal axis, and poinds tin* nialnrial l>otli hv cru^hinjj am* 
ruW)iti^^ The horizontal axes of ilu* two mills arc in(h‘]it‘iulont of 
one another, each hein*^ conneen*d \\ith the vertical shaft hy means 
• of a hi!i}*l‘d crank. The stones can thus Ite raised or lowered iiule- 
pendcnlly of one another. . 'I'lie material is fed into ilu- mill directly, 
bv the shovel or bv an elevator: it is drawn continually under the 
stones bv scrapers, and wlietj it is sulVici«'ntly {'louml, it is I'vacuated 
bv llie automatic discharge, siti^d and bai.'jjed up. Fi^^ I shows a 



I i<.. 1. V< itHiil lliiiin* I. 

pair of *edjie runnels, 'i'wo men siillice to atleiui to the ftiill, tlie 
elevator, and the sifiine machiirt*!’}. • 

Flutsh'nr .V/7/.S'. —In llatslom^ mills there are two stones, one 
which w caused to revolve, the oilier bein^^ sti^tioniuy*. 'I'lie up])er 
or lower stone mav be stationary, wliichever tnay be most convenient. 
Mills of the first kind are used lor crusliin^'verv liard phosphate, 
those of the second kind for soft phosphates. The foundation 
consists of cast-iron columns or a hollow^cast-iron support,^n which 
the ca^'e of the mill is fixed. The shaft of the mill is sustained by 
a movable bearing with collar; its lower part rt^sts in a socket. The 
• iK-arirj; with collar is screwed to the Ijoltom of flie mill cat;e and 
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is eomplefoly jnotected from dust. The adjustment of the revolving 
millstone is done by mean*s of an endless screw or by lever itrahs- 
mission with screw, and hand fly-wheel. The numlxir of revolutions 
is 120 ]>(;r minute for mills 5 feet in diameter, under which conditions 
a mill can grind about 5 tons of phosphate per hour, with 20 H.P. 
The mill is fed by a cup elevator and a shaking hopper, a single 



I'lii. i.—Fiutstono Mil!. (Ijowcr stone donnant.) 

vvorknijiii wiUi iiii iisit.isfcaiit bniiig iililt; to attend to two pnirs t'f stones 
placed side by side. Tlie mills of ejicb ^roup ace ^cnefallv driven 
by a siijf,de main shaft by direct cog-wheel gearing. Generaily three 
pairs of stones are in each group, two of which are at work and the 
other pa'ir heing refacod. b’ig. 2 shows two mills with the lower 
stones stationary arranged in a group driven from a common shaft 
by conical gearing. „ 

Hall Mills .—The ball mill consists essentially of a rotaiy* drum . 
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enclosed in a double cast-iioii envelope and sieves. It contains a 
nultibtjr of hails of ditlerent si/.t's. Tht' inside face of tln^ bottont of 
the drum is lined with smooth plates of hardened cast-iron or of 
•cast-steer The circninferenee consists of triturating; )ilates of cast- 
steel, and of such a shapc’lhat a fall is crcatial between each two 
consecutive pieces. It follows that duriue revolution the halls fall 
from one plate to the other, and roil durin;; the interval hetwecii 


[ 



I'Ki. —Ball Mill on Masonry Koundatioft. 


‘two falls.* Griiidinf> is thus elTectial by the shocif of tht "falliu}; hiills 
and by crushiti''. Tin; substance, f'lound in* the hall inillH passtis 
tlyough holes in the triturating ))lateB anti fallspn a first sieve, 
called the protection sieve, which retains insntlicicntly ground frag¬ 
ments of material, allowing only jjarticWs of a certain fintfhttss to 
pass through. The fine grains tht.m fall on a secotnl sievt;, tht; out¬ 
side sieve, the wire gauze of which is'st;lt!ctt;tl according to the 
«legree of fineness desired. The finely divided powder which passes 
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through this gauze falls into the discharging funnel at the lx)tton> 
of the machine, and thence into the bags. The residues from^he 
two sieves are collected inside'the mill hv two openings arranged 
for the purpose, and are again submitted to the action of‘the balls.* 
The mill is fed through a hopper fitted over one of the bosses, which 
has helicoid blades. During rotation of the mill these bring the 
lum])s into the interior aft<;r the style of an endless screw. The 
wrought-iron cover is connected by a cloth sleeve with a chimney 



Vi<». 4.—Mall Mill on Masonry Fouiulatiiui—tlu! Siovos cxposWl, 


which maintains tin; pressure of the air in the cover in ecjuilihrium 
and evacun^eH the«d\ist which is given oiT during grinding. The* 
weight of the halls vames according to the nature and qualitv of the 
material to he ground. The mills in general use have a diameter of 
()J feet and a width of 39*3 inches. The charge of halls weig’hs 
1 metrfc ton. These naturally undergo a cerbi.in amount of wear. 
It has been found that in grinding Florida phosphate forged steel 
balls lost 1 kg. (2*2 jb.) in a year, working day and night, whilst cast- 
iron balls lost 420 grms. (nearly 1 lb.) in twenty-four hours. Thei,v 
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weight must thus Ik* vcritu-d from timo to liim*. To start tin* mill 
if IS it*volvo(l empty for half au liour set* whether (here is any 
heating in the hearings. Then only N it charged with halls anil phos¬ 
phates. The drum ought always to he stithcii'UtK full of material 
that the falling halls protUice a dull or deadened sound. Conse- 
ijuenlly, as soon as a Iwigof ground mattuial is taken from the mill, 
another is fed through the ho])per. When lliere is not sulVicient 



0 • 

J-'iii, Mill 11 " Mii'oiirv Koumlulion (he- Ti itiiiiili"" I'liili'i; l•v|«pfr■ll. 


oil till! mill its output is bmiiiII niid tlic workman is ti'iiiptnil to* 
iiicii'as(*th(i load of lialls, wliicti lias many dimvIiackS. Tlio outer 
sieves are mounted on marked oak-frames, wfiicli prevent Itieir lieinj; 
yiverted, for they are not intereliaMtieable. To stiyi up p'lilis or tears 
the simplest way is to nine jiieea's of calico over them with lish t,diie. 
JUirinf' stoppaftes the inside of the drurji is carefully inspAited, the 
nuts of the frames and those of the manhole doors tightened, lieeauae, 
in spite of the use of double nuts, they are liabli* to work loose under 
• the vibration to which they are exjiosed. Care must be taken to- 





•decreases, both of the sieves must be speedily cleaned. For that 
purpose the double envelope must be removed by a chain and 
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counterpoise. In grimling wet pliosphiite the sieves soon heconio 
cbSked and they nee<l to i)e replaced by .new at short intervals. It 
suffices in order that the phosphates may he rendered soluble that 
•they pa*} through Nos. tiO to 80 mesh sieves, accoiding to their 
origin and their nature. -Thus .\lgerian phosphates and Carolina 
phosphates are passeil through a No. (iO, whilst ooprolites, apatites, 
and Florida phosphates must pass through a 70 mesh sieve. (Itianos 
and hone phosphates do not retpiire to he ground so line, since, owing 
to their porosity, the stdphuric aci<l jienetrales easily into the 
interior of the granules. It sullices to pass them througii a No. 00. 

List of the separate jiieces forming Krupp’s 11^11 Mill (see 
Figs. 6 and 1). 

a XriturHtiuK |w‘rfomtctl platOK. 

Collar Kcrews. 

H ' Chinint'y jilntc. 

(/'■ Chimney cover. 

6 Lateral iflatcs (h-ctl sid»). 

/t'%LuU“raI plates (rear sidri. 
n SerewH of lateral phiUs. 
c Coar.sf screen, 
c’ Screw of same. 

<i Line aieves (fnmic asiti clofli). 

7 Screws of sieve frame, 
c Dii-char^Mi’K' fmmel of <lust cakte. 

/ llevolvinti blades. 

/'* Blad(' screws, 
r- I'rotcclion ScreenK. 

Support of coarse screcfi. 
tj OpeninK f«>r th- rettirii of 
material. • 

h Feed hopper. 

Screw of hopiRT Icj^. 

/; Feed and boss. 

^t* Screw of feed boss. 

I Coluftm snpportini; }<op{H r. 

/' Hear column. 

I- Gearing columns. * 

.\s aheady nK^nliotied, the ball iiiil) is stinnoutiUMl by a clnmiiey. 
This ends in a dust chamber or!*^he. Moor above; this chamber is 
itself provided with a ventilating^ pipe on tlu^ side 0 ])poHite to that 
► of the mill. When tlu; chamber is not suMicioiitly wt^l ventilated, 
the steam pissinj^ from the j^round material condenses, the dust 
becomes wet, and thf* wood rots. It is, therehjre. well to covei‘ the 
sfdes with a coat of tar. In front of the chamb(‘r, that is to say at 
the point where the dust collects, are^Mxed two closed l)V 

dampers, through which the dust falls ir>to the grindirig-room. It 
is, likewise, advisable to fix a fan to the dus^ chamber, so as to 
/enew the air in the grinding-room. A greater (juantit}' of dust 


n I)Hmp»‘r. 
p ,\n('hor pliilcR. 
y wluH'l. 

»•' i'inifui. 
r- Fi.xcil pulb-v. 

? ‘ Loofjc pnlliy. 
r* CHK«V<>r Einnc. 

I' Lnbriculor. 

,S Dust 

.s' Wiiiidm MippnrlK. 
s' (!<»lli-ctinr liuppur and pipe. 

I Anterior latiTKl side. ^ 

F Lateral ]k>sIi rior side wit); man- 
Indc in. 

/' .ManlioU) lid. 
r (lofj wheel hhaft. , 
u' Main ahjift, 

.1- Frame work of oiinl cuf'e. 
j- Corner of the frame work. 

// Aertrlion (dnmney. 

I/' Coarse cloth union. 
i- Hear hoKK. 
z' Screw of boss. 
z- Fixui^; screw. 
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in this 6ase collects in the chamber, which then requires more 
frequent cleaninf' out. A f»''' with a speed of 200 revo’utlons 
suffices for two mills. A ball mill 6^ ft. dia. requires 20 H.P.; it 
will grind 7^ tons of Florida phosphate, so as to pass thr6ugh a 70 
mesh sieve in twenty-four hours. It works continuously, and yields 
in a single ojjeration a sifted and ground substance without other 
prepaiution than the previous “cracking” of the phosphate so as 
to reduce it to lumps the size of the list. 



In certain cases, especially in grinding basic slag, particles of 
iron may remain in the mill, which cannot he ground. They are 
lemoved throngii an opening made in the side which in nornial 
work is.closed by a lid which can he replaced hy a discharge grating. 
The distance between the bars of this grating being inferior to the 
normal diameter of the balls, it suffices to give a tew turns to the 
mill to evacuate the residual matter. In large-sized mills a map- 
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hole, fixed in one of the cheeks. ejm!)l(‘s the interior to lx* ihsjX'cted. 

nwlls have been the sul)jecl of iniijiy iinjirovenients. Tliose 
made l)y the linn of F. Krnpp, (imissonwerk Mn^^hOmr;*. are of 
%uch solW constnielioii as to stand any lest and work for years 
without atjy repairs. The eotistruetion of this inaelune retpiires. 
in fact, a )M)werful e(|ui])tnent and seh'ct niaterials. conditions to 
which sixth-rate constrijctoi's can make no jactension. 

rjvnfcr's Mill irith ('omhined J/r Svpartitov. 'Dhs hall mill 
is most intt'resiiti^; owin^j to its ori^'inality and its j'real working' 
ca]iacity. lint its \ield is )K‘rfore<* limited hy the simultaneous 
sifiin;: t»l the ^nound material; it ^nmlnally diminish(‘s the lineness 
‘>f the ^ieves. ihr ai<‘a of whieh i><. moreover, loo small compared with 



Flu. iMi'iiTt r’s S< |>iii;ilioM Con''. 
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the work ca)>ahl'- of li*-inv'<li»n<' hy the mill. Mon'over. it the mill 
be OVerted. the suhslniiec trcjiled ])enepat«'s into ihc eavilies of the 
sieve before heiii;' jrjiuci-d to ill*- •Irsiri'jl I'mmess ; the sill inj^ hein^' 
then rcl!fi<led as wrll as the normal work <»f j.rrindin^. Hut atVairs 
an* radically allJ-rcd if the ])owtl<*r he sift(‘d Kcp:yal*'ls. 'Fhere i>. 
th(.*n no obstacle to an increased jmHluclion hy this machine. This 
► iinprovej^ent has b»-en etfeeted by the lint} (»f iPfeillci* Hiotbers of 
Kaiserlautern. Hv combining the hall mill, with an air separator 
they have succeeded in creatine a system of tjritiiliiie remarkable for 
j(reai simjdicity and in inereasineconsiderably th‘e useful elfe<;t and 
output of tin* mills. 'rh«‘ conslructiot) of the juachine dillers fr(»n 
that of the ball mill in the following details. 'I’lie indiii^'-staj;eH 
Hr<‘ comparatively small. «*ach consists of a sin^d(; piece of crucible 
(tast'Steel made with particular care, they have no slojjes nor oriliceH“ 
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of any kind to weaken them. Consequently they maintain their 
mechanical resistance to (he last stage of wear and tear. Thdi* is 
no fear with this machine of the balls plugging the escape orifices, 
besides there is no need to enlarge these orifices by a rimer. The excef- 



Fi(i. 10. —Section of Pfeiffer’s Crusher-Separator. 


lent coUStruction of the tri|,urating plates and the quality of the metal 
used render them almost everlasting. The plates from one stage 
to another are fitted with orifices which allow the sufficiently ground 
material to escape. These orifices can be regulated from the out- 
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side, and they may l)e contracted or enlarf^ed as rt‘<inired! so as to 
redlict^ the material to llu' rtMjuired (le^n-ee of liiieness. As in 
ordimUT hall mills, the \vrou^du*ir«n cover Nvliieh surrounds the 
•Irum ends in its lower pan in a hop]H*r; this eollecis the ^noiind. 
material and leads it a «u]) idevator, which conveys it to an air 
separator, ^^-nerally )>laced al>ove the mill. In this air sc'paraloiv 
the tine tlour is se}>arated t'rom the ;;rains hy mean of a cyclone 
of air produced in tlu* machine itself and ciundalin^ llierc. Tln^ 



Vi'i. 11.—viow of I’fi-itTi r’s Ciu'-Ik-i- S< [)nrjit()r. 


machine has only three orifices, the hied <‘ntiance, tin; exits for 
nhe ^n'anui'ir mateiial, and for the Hour. It, re(fiires ift*iihcr sieve, 
dust chamlx’r, r.or iiuxiliarv a])paralus of any Wnd. The separator is 
shown in section in Fi^^s. JS and 10. The machine js constructed of 
u'/ought*8teel. and consists of a cylindrical envelojx- with exterior cone 
and an interior cone arranged at a c(-‘rtain,diHtance froiri each other. 
The ventilator <j is drivem hy the shaft /. (hi the same shaft, 
below the ventilator, are two plat<.*H h and d, ^vhich rcceivti the 
ipaterial from the feed funnel a. In constjquence of the rotation, 
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the distributors y project the substance in all directions, and the 
current of air produced by tbe ventilator passes froni below,'up¬ 
wards. Tbe force of tbe current raises the fine particles, and 
carries them in its train throufth the ventilator, and projects them 
against the exterior side, whence they fall into the exUriur cone 
and issue from the central aperture. The larger granules contained 
in the material which have traversed the current of air, without 
being carried away in its train, fall into the interior cone and issue 
by the lateral pipe, to rejiiiss into the mill if necessary. The air 
returns naturally to the space below the distributor, so that the 
separator woi ks constantly with the same amount of air, and there is 
no disengagement of dust. The roils, with pins, to be seen on the 




cover of the si'jiaraior, serve to raise or lower the annular obturator 
which regulates the degii'e of fineness of the substance. The force 
of the current of air diminishes in proportion as the obturator is 
raised. 15y these simple means, tiny degree of fineness can be 
secured. Oncea-egulaled, it woi'ks without interruption and super¬ 
vision, and always gives a very uniform product. The ground 
phosphate can he bagged up diritctly or conveyed to .rilos, etc., 
whilst the granular potion returns to the mill to he further ground. 

Jaiv-breaker Milh. frnckini/ Mil/x. — The jaw-breaker mill 
shown in I' igs. 12 and 13 consists essentially of two jaws. A' and A", 
of hardened cast-iron, ridged or smooth. One of these jaws, A", is 
fixed on the ivnterior side of the framework, the other. A', is mobile 
and fixed on a jaw.-holder which is animated by a to and fro motion 
round its axis /. This motion is transmitted bv the excentric 
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driving shaft c, through the intermediary of the cxcentrio crank 
B' and «f a folding lever, formed by two hinge plates, BU, applied 



one on .the framework in d and the other on e en the lower part 
oP the imovable jaw-holder. To avoid shocks the latter is joined 
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in an elastic manner with the crank B, by means of the spring g. 
For each revolution of the shaft c the space A comprised ketfeen 
the' fixed jaw-blade and the* movable jaw is contracted, and its 
minimum aperture determines the size of the crushed pie’ces. Thfe 
angle of the aperture of the jaws is easily adjusted by a very simple 
regulating arrangement, according to the nature of the material to 
be ground, and the degree of fineness reijiiired. The size of the 



Fia. 15.—Double Holler Mill. 


pieces may vary tvom 2 to 7 cm. in section, with a prejrortion of- 
core, which depends on the degree of friability of the material. The 
hinged plates BB constitute a safety device ; they avoid any sudden 
shock, such as would be caused by the passage of a hard substance, 
a piece of iion, for exapiple, and then yield without any of the 
essential part of the machine being damaged. This mill is used 
for the preliminafy crushing of rock phosphate, or phosphate in 
nodules of a certain size. It is fitted with two very powerful %- 












Fto. K). —Stamping Mill. • 

ph’osphate in the form of largo lumps is not enough to warrant the 
use of the engine. > 

Toothed Holler Hills .—To crush green (raw) hones for fat ex¬ 
traction simple and double mills are used with tpothed steel rollers. 
The rollers of the simple mill consist of a number of steel discs fitted 
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with teeth, and of alternate rings in juxtaposition, in such a manner 
that the teeth of one of the rollers corresponds to the rings Dii^the 
other. The discs resist great pressure and are readily replaced. 
The distance between the rollers can be regulated accorSing to ttfe 
size of the grain desired, by means of a regulating screw fitted with 
a spring stud, This machine reduces the bones to the size of a nut, 
mixed with granules, which are separated by sifting. The double mill 
comprises two pairs of rollers in a strong lateral framework. The 
upper pair is provided with large teeth and revolves at a slower speed 



Fig. 17.—Dis'mtufiiulor with outer casing rcnioveti. 


than the lowin'pair, the teeth of v,i!iich are finer. These double mills 
are capable of taking bigger hones (whole ox or horse skulls) than 
the simple mills. .They also grind finer, which is an adi'antage im 
making gelatine, wh^n it is desired to extract as completely as 
possible and to obtain gelatine of good quality. The output of these 
machines is ahdut tons of crushed hones per hour. 

To .grind degreased bones cast-iron stamping mills, fitted with a 
steel grid in the bottom, and on the longitudinal side with wrought- 
iron sieves, are used. The fineness of the holes in the grating and 
the meshes of the wrought-iron sieves depends upon the size pf 
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grain desired. Stamping mills contain 1, 2, 3,4, 6, 8 or W stamps 
wgfghing 1 to 2 c\vt. each; 
their j-ield per hour is 
•about ton of ^ inch 
bones. 

Disintcijratvrs — Mills 
with Percnssion Hlahes 
Fitted in Circular lierolc- 
iny Boss. —For gi-inding 
raw bones, dried meat, 
and blood, disintegi-ators 
are used with advantage. 

The mill consists essenti¬ 
ally of a framework with 
.'ertical grinding cage, in 
.vhich a boss fitted with 
dados I'cvolves at high 
Hptjcd. The cage consists 
of two lateral sides with 
a cover of wrought-iroii, 
and a semicylindrical grid 
in two jiieces, or com¬ 
pletely cylindrical in four 
pieces. The lateral sides 
are lined inside with 
grooved plates of hardened 
cast-iron. According lo 
the size of the mill the 
material to he ground may 
he in fragments of the 
size of an egg to that of 
the list^ When it is fed 
through the hopper it 
is struck hy the nnolv- 
ing blades anil projected 
against'ihe grooved plates 
and the steel hai s ; it thus 
undergoes very energetic 
grindin)^; when it is re¬ 
duced to the desired linc- 
ness it passes through the 
fiars of the grid as a pul¬ 
verulent product contain¬ 
ing more or less core. 

For a width of ’ of an 
, inch the yield per hour is 
stated to be about 2 tons 
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of degrcfeed bones, but this result appears too high for such fine 
grinding. (See pp. 120 el.seq.) • • 

Elevatms .—Cup elevators are generally used. Gall's wrought- 
iron chain and Ewart’s chain deserve notice. These consist of 
small elements moving one within the-other after the style of a 
hinge. Leather belts and rubber belts are only used exceptionally. 
Tbe cu])S are of wrought-iron furnished in the front with 'steel 
armatures ; they are screwed on the chains of the elevator. Their 
dimensions vary with the size of the factory. Cup chains are 
generally fitted with a tight cover, enclosing the whole machine, 
thus preventing the disengagement of dust in the factory. This 
cover comprises a cast-iron feed vessel with the top part of wrought- 
iron,‘and fwo srpiau! wronght-iron pipes carrying at their upper 
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extremity a hood or coping of wrought-iron, fitted with a *Vischarge 
pipe; wooden feed vessels and covers may be made on the spot. 

Sieves .—The sieves uscd.in the chemical manure trade are of 
two kinds, viz. sorting sieves and sieves for line flour. The sorting 
sieves are combined with the coarse crushers serving to' sort the 
crushed material,' the [lortion which passes through the sieve is taken 
. to the mills to be reduced to a fine powder, whilst the core is returned 
to the ci'ushf'i' to h; further reduced. Machines of this nature 
are conical or cylindriciil. They consist essentially of an axis, which 
passes through their entire length, and carries iron stays, qn 
which a perforated sheet-iron sieve, more rarely a metallic wire 
gauze sieve, is mounted, the meshes of which have a section vai'ying 
with the nature of the material to be ground. They are fitted with 
a feed hopper ami a discharge pipe. 

The second class of sieves are more especially used for thcr 
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sifting of the flour produced by the mills. They are also' used to 
so* bone dust. The matter which passes through the sieve is 
bagged up, whilst the core passes out at the end and is returned to 
the mills to he reduced to the desired lineness. .As the material 
gives off much dust the sieve is generally covered in. Discharge 
pipes pass through the bottom of the cover. The constniction of 
the machine varies according to the nature of the material treated— 
with substances easily sifted, the cylindrical form is used, whilst 
with substances which pass thiotigh with dillictiHy, a hexagonal 
sieve fitted with a heater is used ; the frames of the sievi; are 
interchangeable and easy of access. Fig. 1!) shows a sifting 
machine, driven direct, with wooden cover. Besides these cylindrical 
sifters, shaking sieves are also tised, com))rising one o'r moi»! flat 
sieves lodged inside a cover. The cover rests on springs and is 
suspended and agitated by a crank shaft. 

Fitter Prcxs .—The lilter ))ress is caitahle of interesting applica- 
^ons, not oidy in tint manufacture of doiihle sn])er])hos]ihates and 
p'e%pitated phosphates, hut also in the treatment of raw |ihosphales, 
with a view to their enrichment each tiimt that they have to ho 
washed or mixed, 

.After mixing, the materials have a semi-lluid, non-pasty con¬ 
sistency, It is, therefore, necessary to separate the solids from 
the liquid mass in which they aie susjtended. •Thitold decantation 
process gave good results. But the enormous (piantities how 
treated daily renders it an extremely slow jtrocess re(j'tiiriug 
numerous vessels and considerable space, hi well-organised 
factories at the present day, a rapid method of decantisg answers 
an urgent want. This t'a)iid decanter is nothing mifl'e or less than 
the filter press, the yield from which is twenty times greater than 
that of the old jirocess. 

Under a small compass the lilter press is, therefore, an apjiaratns 
presenting such a liltering sm face that the solids and litpiids arc 
automatically and instantaneously sejiarated. This a)i|)aratns con¬ 
sists essentially of :> numher.of wotxl «r mtdal plates separated by 
hollow frames, in which'the solid matter aggregates as more or less 
compact*cakes, whilst the liiitiid is pressed out, jiassing ihrough 
approptriate filter cloths. ” ■« 

The filter press is fed by a ]inm|) which ))ro|)els the mud into 
the filtering chambera. The chambers are made tight’by the pres¬ 
sure system of the filter and by the packing»which the filter cloths 
g\ve between the different plates when the latter are forced together 
by the central screw. As regards the filtration of jihosjihatic 
material, manures, etc., the filter presses ought to exhibit such 
peculiarities of construction as to ensure the flow from the material 
without the formation of channels during the course of the operation. 
On the other hand, when the cakes are formed in the frames of the 
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niter presses they still contain a certain amount of mother liquor. 
Tb obtain products as pure as possible _these cakes must l)e washed 
thoroughly to remove from them.the liq\iids which they contain. 
The filters should be so ariunged that this operation of washing is 
thoroughly and absolutely effective. 

Mixing of Ihe Phosphate u-ith hinijihuric Acid .—.-Is already 
mentioned, the phosphate was formerly rendered soluble in pits, 
in which the acid and phosphate were hand-mixed with suitable 
tools. In other words, they worked like masons making mortar. 
But for thirty years this work Inis been dont‘ exclusively by 
mechanical means, which enables the mixing to he done more 
rapidly and in larger iiuantities at a time. . 

Consequently the mixing pit has been enlarged so'mueh.lhat in 
its new form it constitutes the chamber, or more' fannliarly the “ dini ” 
or “house” in which the phosphate is rendered soluble. This 
chamber is closed, and care has to he taken to eliminate and render 
inoffensive the toxic gases which are disengaged from the material 
■djjf'ing its deconqxjsition. , 

To nnx the acid with tlu^ ])hosphnte a “mixer" or mixing 
machine is used, constructed and installld thus: The mixer con¬ 
sists of an egg-shaped pan I'li nnUre (about til in.) wi<le at the top 
and 1'20 metre (4H in.) wide at bottom, fitted with two discharge 
doors, with lever and counterpoisi', which enables the mixing to he 
run into an enclosed space, called the df^eomposition chamber ("'ilen " 
or “ house ”), built on the gronnd llonr or sunk in the groun'I. The 
pan is fitted with a vertical shaft, driven by cog-wheel gearing, and 
carrying blades of a s])ecial form arranged in a helicoid manner; 
these lift, throw down^ and triturate the mass, afl«r the slvle'of a 
plough as it woiks tin; giound, preventing it at the sam<> lime being 
deposited on the iKdtom ami attached to the sides. It sullices 
to pull the h.’vers to open Ihi! <lischarge doors, and thus let the 
liquiiWt piiri'C fall into tin.' deconqmsilion chandler (“ den ’’ or 
“ house ”), 

The work is easy and rapid. Thi;pan is made of cast-iron, with 
2 jiercent of a special alloy which renders it very resistant to acid. 
The aims of the, agitator and the blades as well as the valles are of 
cast-steel. The mixing shaft n«kes sixty revolutions a minute ; the 
mixing is triturated (churned) until the pulverized )ihos))hate iij 
intimatviy incorporated with the acid. When Ihe ground phosphate 
is too coarse to pass through a 70 mesh siyve the mixtui'e remains 
longer in the liquid state, in which case the lengdh of time occupied 
m mixing must be prolonged. The acid, contained in a lead-lined 
tank, is run into a measuring tank by opening a valve ) it flows 
through 1| inch lead pipe into the mixer in the form of a shower 
like rain. At the same time the crushed phosphate—previously 
• weighed and laid on sacks on two inclined planes to right and to 
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left of thd mixer—is run into the mixer. In certain factories the 
phosphate is brought to th§ mixer by an elevator, and received Vi 
buckets by means of which it is »un into the mixer. The bags retain 
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threatens to prime. Such a mishap is obviated bv dimintsbiii<; tiie 
fltiTv of phospliate. Tbe acid and pliosphate sbmdd !«' nm in 
simultaneously and not one after, the other. The mixer works 
continuously , no stop is made except in case of a brt'akdowu. 
When one " mixing" is finished and disebareed the sides of the 
mixei are rapidly dusted with a little ])bosphate to lu'utrulize anv 
free acid left there which mi^dit corrode tbe metal. Tbe working 
of the mixer requires the service of tbi-ee men ; the first takes charge 
of the machine, the second superintends the measuring ami rnrming 
in of the acid, the third brings the sacks of phosphate. The 
charging of the mixer occupies 11 minutes ; agittuion requires two 



I’l'i. 22.---A. Mixer. H. C'i>uil(el IX'isf. (’. (Jus l-’.HCJlpe I'ipe. |). (.'tip 
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minuter, acconliii^ to the luitnrc of tin* Hliospliato ; discliiu^f* takes 
half a The “den" ii’av he ti)l<‘d to of its lieijjht; tin; 

vacant space serves as a re^nd}ttV)r for tlie evac?iation of tlie t^as. 
The decomposition of the pliosphaU? hy acid is eftocted not in the, 
mixer, l^Ut piincipally in tin; “den" or “hr>nse". ’('old acid is 
□seel, i.e. acid the teni])eratiire of which varies l)et\veen 2h' and hO" 
(77° to 86° I’.), and of a density f)etween 00° and 00" B. (106" to 
123" T\v.). When the acid is at a lower tem})eratnre, the mixing 
loes not heat enough to drive olT the excess of water, aiAl yield a 
3r)’ superphosphate. When the acid is too hot the mixing thickens 
:oo much in the mixer, in which case the acid,may be more dilute. 
Owing to the evolution of gas, the thick liquid etTerv(*8ces, and 
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forms air-'bubbles which rise to the surface; at the same time it 
heats up to 120° to 150° C. (24B° to 302° F.). Gradually the mixtijfe 
settles in the “den,” and after an hour it sets. An addition of 
dolomite (carbonate of lime plus carbonate of magnesia) keeps it* 
liquid for sometime longer, so that tbe water evaporated is then 
much greater. The manure is also drier because magnesium 
sulphate crystallizes with seven molecules of water, and that is an 
elllorescerit salt, not a dfiliquescent one. However, it is not usual 
to s<md a manure drier, up the cups. 

,\ll the heat given olT by the reaction ought to he utilized with 
that (!nd in view (carrying off the water). It is only when this is 
done that jftnfect solution is realized, and that a superphosphate 
that will behave well on subsequent mani])ulation is obtained. In 
recent years attempts hiyre been made to employ hot sulphuric acid 
and inject hot air into the chamber, in order to hasten the action 
and dry the sujx'iqthosphate, hut the results olrtained ])roved un¬ 
satisfactory. The opinion of certain specialists may he endorsed. 
Suoh ex])eriments will never he successful, because it is irrational tu 
exceeil a teTiqsn'atnre of 100" C. (212’ F.) in the “den” except in 
the case of phosphates of very good (jiialityof which there is no need 
to fear retrogradation. It is better to leave the mixture to itself dur¬ 
ing its chemical transformation and allow' the change to take place 
by insensihl(! gradatfons. Expm ience shows, nioi'(!Over, that the 
injection of hot air into the mass gives it the eonsisUmcy of mastic, 
which The manure manufacturer always tries to avoid, knowing full 
well that lh(! ))Orosity of the su]ierphosphat(! is the best condition to 
realj/.e for l♦ld)se<|U(mt ojienitions. Th(^ constrtiction of the di’coni- 
position house^r“den” is not very complicated. The walls are 
two-hricks thick; they are covei'ed inside with a coating which 
resists acid. To consolidate them and prevent them yielding under 
the pressui e of the mixing, they are fortilied by iron T pieces, fixed 
to the base by masonry, and joined to the root hy cnimpinji irons. 
The roof consists of iron T ])iec<'s, three feet apart, laid on the walls, 
and connected together by iro«i rods or arches of masonry, the whole 
being eoyered by a coat of cement. .All the ironwork is covered hy 
paint to resist acid fumes. The house is lilteil W'ith a solifF oak or 
pitch pine door »)nsolidated insifWi by planks placed crosswise in 
ithe gutters. The chinks of the planks and the door are luted with a 
paste of clay So as tw prevent air penetrating. The great difficulty 
with the doors is that the acid eats away the liolts of any opening 
handle ; the men piust then perforce lever it ojien hy the pick. Thg 
Jesuit is that where the pick is applied a chink is formed which 
graduall;^ enlarges. But ib is not a case of air penetratmij into the 
house, but of fumes from the mixer or house escaping into the air 
through chinks. Both the district authority and the Ijocal Govern¬ 
ment Board in Gi-eat Britain would at once proceed against any 
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manufacturer allowing the fumes to eseape into the air. If means 
be to prevent the escajw of fumes, tien it follows, per coutrii^ 
that no air can gain access, because <he pressure from within out¬ 
wards is far greater than from without inwards. The air cannot 
peneti-ate until the gaseous fumes have condensed, and tlum the 
quality of the manure from that batch is fixed and determined It 
is not advisable, however, to open the door too soon, unless in the 
case of hurried mixing specially. The dooi-s are best constructed of 
pitch pine. 

In the early days of manure manufactun' oidy om'“ house ” 
was used, and the mixer was instalh*d in the centre of the ceiling of 
the house; then two houses were installed with the mix^n- over the 
dividing wall between tlunn ; finally, later on, four houses«liave 
been built and the mixer placed at ilx* jimcyon of the partv walls. 
This plan gives excellent I'esniis. Th<‘ mix»‘r in that erase is tilted 
with 4 discharge doors, each of which oiiqjties into tlu* housu in 

S ' ' h it is situated. Kach “den” has a capacity of T)!) to lOi) 
according to the si/e of the factory. • 

Attem])ts laive been tnade to devise methofls of rendering phos¬ 
phates soluble mor(‘ ra])idly and more eomplete'lv than by tlu^ 
process just descrilxal. To accomplish this tlu* ])hos))liale was 
reduced to a very tine state, i.e. to ])ass llnoiigh a No. 1(10 sieve. 
A paste was iriade with it by dn-nehitig it witH water or with acid 
of 10® to 20® H. and finally adding the rest of the acid at (10 II. ^ fhit 
this process was soon ahandotu'd, Ibr the action was fouiul to he 
too violent and the metal of the mixer was attacked by the acid. 

Att(*mpts have also l»e< ii ma'le to reiuier ])hosphates>v()liil)le by 
mixtures of hydrochlori*-. and siiljilmrie acids witli^mt an\ great 
advantage. The supi'i-phosphate in this case contained OltO per 
cent of hydrochloric acid, which rolled (he hags : hesidi's, the mixUire 
of sulphuric acid and hydrochloric aei<l attacks tlu* nu'tal. 

ItetrPf^al of the To.rii- Fiunf^. The gases formed in the 
superjdiosphate “ dens ” cannot he allowi*d to escajie into the atmos¬ 
phere without Ixfing purilie*!. in coaseipieiice of their f)ttensive 
smell and corrosive actfon. They are generally passed thrpugh a 
wash to«t*r by nteans of a fan. ilenker and llarltiiann make very 
simple installations and use fo)**lliis purpose inili-structihle fans 
with washer purifiers which ))urify the gas com])leU*ly. The fans 
should be’rather powerful, so that the, amoun: of air* drawn into 
the “den ” during dischargi* is sullicient to allow the labourers to 
eujpty the “den” under good conditions. Fig. T-I njprcsents the 
tower constructed by F. lienker and K. Hartmann. It has seveial 
compartments and no packing. The gas penetrates into the first 
compartment, and ascending it meets a jet of water in the form of 
rain, produced by ebonite pulverisers (Kestner.. Lille). From the 
first compartment thev pass into the s(iCond thiough the top, from 
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the secofid they pass into the third through the bottom, and so on 
up to the seventh compartment, when they are exhausted, ‘^he 
silicic fluoride is decomposed Jry water into silica and hydrofluoric 
acid ; the first can be separated by the filter press and the second 
can he concentrated to 12 to 15 per cent by volume and by mixing 
with alkaline chlorides, or even sulphates into the corresponding 
fluosilicates, which find a use in opaque glass manufacture and in 
flux enamelling. i 

The translator thinks it advisahk! to offer here a few criticisms 



on the method onnakingsuperplwsphate as desci ibed by the author. 
First of all, the measuring tank has to discharge itself before it can 
be refilled, so the refilling eannot start before the phospljate is all c 
in the mixer. Ilowevei-, it is just possible that it can be refilled 
in the two minutes laken up in continuing the mixing process, 
after all the acid*and phosphate are run into the mixer—that is\o 
say, if 40 hitch occurs. J5ut if tin; same principle were adopted 
with 2 to 2.1 ton mixers, as used in Great Britain, and the 
agitation prolonged^ in accordance with the weight of the mixing, 
then a 5 cwt. mixing taking two minutes’ agitation, a 50 cwV 
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..mixyif' ought to take tweiiiy minutes, whert'as it is sliot into Iho 
"dvi ” shortly after the last hag is up the eups anti tlie lust drop 
of acid run in. When the mixer is Irand-fed and the lid removed. 
tt»e fumes escape into the air of the building, and that is had for 
the men at work. Again ,m east-iron mixt'r is a deutl-welght on 
the boundary wall between the two “thms.” and these, eaten away 
acid, are none too strong. Again, in Pig. 22 the ])hosphate 
should all he weighed Indore it is shot at the foot of tin* cu])s, and 
the elevator should then diseharge right into the mi\(*r, and the 
spray of acid and tlie sliower of phos]diate shottld me«'t at tln‘ same 
spot. Then with a horizontal instead of a vertical mixer a wooden 
tank lined with o Ih. lead can he used. The only eost istlie mixing 
shaft and blades and the gun-nietal discharge sluiee valvj-s. With- 
such a mixer, to lake 2! tons of su])er])hos)»hate, the mixing shaft 
is best made in two pieces, and tlu‘ miildle extremities ending in 
projecting studs turned in a lathe are sejxnved np with holts and 
nuts. Then if oiu'-half of llu* shaft breaks tlie other pari can 
re'^twn iv sihi. and the whole shaft need not he recast. Put ciye 
must he taken llial the i\\<» lialves nwolve in lanfeet symnn'try. 
Again, it is a V(*ry awkwaid thing to empty a vertical mixer when 
it s<(ts. .-Ml that has to lie tUme with a hori/onlal lead-lineil mixer 
is to remove the (loos<‘) hoards liy which it is cov(‘red and seta 
man at work to dig it out. and if the mixer i^ near the ea\es all 
that he has to do is to rianova* a tile or twa» to secure venlilatii^n. 
Ihit in a verti<*al mixer, were it not for tin' tiny mixings described 
by the author, it must he a more tfian ordinary trying task. ('oming 
now to hot acid versus cold aci<l: sotiu*. plios])hate can*he inixyd 
vtUT well with colil acnj. e.g. (’arolina j)hos])hate. •Put Somme 
phosphate Kajuires hot acid, and the translator found it iidvan- 
tageons to keep a 10 ton tank at 1-10 P. This he diluted with 
water as reipiired, as the author suggests. Somme is not in any 
way a (iiw<-class raw material. 



CIIAPTKK VIr. 

CUi:yiUN(i, HII TING, DltYINti, AND STOKING OF SCFEIUTIOHI'HATK. 
KKTlUKiKADATTON. 

Kmpli)inii Siflhii/ the Siijierphoxjilmle Ilnuse oi "Den ”.— 

Ktriptyin;,' tlie sii|)erplios])liat(! is still done in a piiinilive 

niatini'i', wliicli consists in cliai”inn tiie supei'ijliosjdiate witli the 
shovel into the receiving vessel of an elevatoi' or into half-ton 
vvaeons. 'I'he latter are run towards a ciuik' that lifts them ap**" 
■Hpl'eads their conUnits over the h(ai)i from a certain hei^dit.' In 



Fio. St.—A, Su|H'r|ihiiK|ihHto “ Dru " 1>, Discharijo Aoi'riurc.s. C, Belt Con- 

\ vryi'f, I), Fdcvutor Kecoiver. E. Fflevator. 

default of thi^ elevator the liea]) could not be raised hieh enough, 
and more capactrus warehoust-s would ht^ required. Hut in working 
even oy a fairly large scale, in (Ireat Hi itain the work of shifting 
is sometimes still done iiy harrow, plank, and gang sack. One 
man " gets " the stuff with the pick, two men fill the barrow, a fourth 
or fifth man, if ni'-ed be, wheels it on the ground at first, then up a 
plank and when the plank is too steep the harrow men cease fo 

(114) 
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ply*heir barrows and take to gang sacks, their lieads and shoulders 
beibg protected by a “ backing ” captor ilt a pinch by a .sack, 

, Another method of removing tlie siijierpliospbale out of the 
houses, consists in emptying them from iadow. In that case tlu^ 
house is built over a second compartment into which the material 
drops on to an endless belt 20 in. wiile. through holes In the floor 
covered by iron lids. The belt delivers the su))er)ibosiihate on to 
an inclined plane ending in the receiver of an elevator, which 
discharges the su))orphosphate either on the heap, into a Carr's 
disintegrator, or into a jigger, aecording to the metlioil of working 



• 

adoined. The best p!;in is lo ;iiv(4j.h«‘ flrvaltir iicfytaiii amomit of 
slope and use comparativ(,‘ly lai-^e eiijis, lu-eausi' fit-sh siijn-rphoH- 
i^hate ou^ljt to lie pressi‘d as iittl*' as jiossihl^’, otli(f'\visc it is 
converted into a j^Iik*}' mass fliHicult lo manipiilaie and to dry. 
The emptying of the superpliospliate “den" is not exactly a 
pleasant job, even if the heat and the gases, still ^lersistent then* 
and disengaged when the superphosjihate |s displacial, he no> taken 
into account. The workmen are therefore oliliged to use resjiirators, 
the sponge of which they should keeji moist, so as to jirevent any 
accident. The superphosphate ought to he extracted from the 
cliamber whilst it is still hot. so that the vapour may he eliminated 
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and not condensed by coolin". If the superphosphate has Ueen 
properly made, it soon cnfinhles when exjwsed to the air ; if b^dly 
made it forms lumps which do hot crumble in tbe air, also the surface^ 
of these are damp from free phosphoric acid, whilst the insides form 
nuehii of neutral phos))hate of lime : this occurs when too strong 
acid has heen used. The core, sifted fiom th(^ material, is dried in 
an oven if it cannot be crushed in a Carr’s disintegrator. 

In a geiKTal manner the reaction whichi superphosphate under¬ 
goes during the jirocess which renders it soluble, and wdiich consists 
in the precipitation of sul])hate of lime land its conversion into 



Fi .. 26. —Bcnkcr fttul llurtmajin's Mcclianiciil llLMiiover iil SuprrphoKphate 
from “ Dm " {(‘ilil view}. 

crystallized gy])sum, is accomplisbed rapidly. Certain pbos])hates, 
bowever, form Exceptions to this rule : crystallization in this case 
being stimnlah'd bv stirring them with the shovel, and the process^ 
is finished by dryihg. * 

New Methoili fur Hhe Meclianical Kxtractiim of Superphospluile 
from the “ Dett ". —The manipulation of superjihosphate buing 
dangerous, on account of the toxic gases which are disengaged, 
efforts have been made lo empty the houses mechanically. But 
the appliances used are costly and defective, especially owing to the 
false position at the door of the excavation plant. Benker and 
Hartmann’s mechanical extractor obviates these drawbacks, in so 
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far that the excavating organ is aiTang«Hl so as to su}>poi t’ its shaft 
at Js two ends. Figs. ‘20-2S show tlio ^rrangenu'ni wliioh forms 
the subject of their inventiotn Fig» 20 is a longitudinal st-ciion. 
Fig. 26 is an end view. Fig. 27 is a plan. Fig. 2S i< a detail. 

The superphosphate “ den ” a liiis interior lateral sides h arranged 
in grades, reversed ahovi*, in such a way as to givi* to the linal block 
a form approaching that of a cylind»‘r. The lloor of tin* “den” 
is pierced in its centia* by a longitudinal opening <■ (;ov«Ted hv a 
wooden trap <1, one of the ends of which is fitted with a ring handh' 
e. The “ den ” has in its face a circular 0})ening/ shut by a dtior </ in 
two parts. This “den” is tra\<‘rse<l ihroiigli its whole length by a 
shaft h, sujjported on two suitalile heatings so as to dovetail into 
and continue a sci'i'W shaft / mounted in a fixed se.rew/. .V co;;- 



whfi'l tf'ari'd to ihi- oiil-^idf |virl ot iho sliall /, lin-. a olaw 

m whioti ))i'iu'trates into a loii^'itiiiliniil oiiIOT ii ol iliat sliaH, so as 
to'coimcol. the shaft i will, the «hrol I: iii llio dnvc-iion of rotation, 
hut lottino it ;tliilo trooly. Dn fho -.haft // two gnus n ami /> aiv 
tixi'il iliami'ti'ioallv o])|iosilo onr anollmr, on<' ol wliii’li. n. loriiis, 
a sort of goiiiiiouml knifo. littcl with l.•.■lh -/ ^.roioolfii- from llm 
hlados Thf other arm /r eonvenieiiily liv'd hehmd the lirsi, is 
figied at its free end with a sort of shovel or sjiooii s, A eoii- 
vever /, of known coiistriietioii. Kai raiieed lielow the o)ieiim^ e ol 
the den, and empties into a snitalile eh'Viilor ». A liami o)i slnll r, 
fitted with suitable connler|ioise-, i and //, m ananeed above the 
shaft screw i, so as to cover it wdien it eiilers.insnle llie den. A 
fnixer r is fixed at the top of the ‘ den,” and ihe inslallatioii may he 
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completed with fans and condensers of any desired construction. 
The cog-wheel k may be dfiven hy any suitable means, for example, 
by a play of pulleys fixed and movable, 1 and 2 acting in different 
directions. The working is as follows : During the 'mixing of th<. 
mass of superphosphate the trap door d covers the opening c and 
the door ij covers the circular opening in the front of the “ den,” the 
two arms, « and p, being kept outside the “ den ”, .After the super¬ 
phosphate has set, the trap-door d is withdrawn hy aid of a hand- 
winch, not shown on the drawings, then the door ij is removed. 
The whole of the shalts, li and i, are caused to revolve in a suitable 
direction to bring the mechanism inside the " den ”. When the teeth 
I] of the arms o come in contact with the superphosphate, it pene- 
trate!^ into the interior of the mass, detaching ribbons which break, 
forming small fragments and these fall to the bottom of the “den ”. 
The tjlades r in turn come in contact with the portion of the matter 
projecting between the teeth, detach these likewise in the form of 



Fkj. -^lienkcr and Hiirtmarm-K Mt'chariical Kt^mowr <>f Superpho^phatr- 
' fi'Min “ Den ” (detail).^ 

libltoiis, wliich collect at the hottoin of the " den The shovel .s at 
the aperture (’ hrinps fia^uiients, from Avhero they fall into tlie 
conveyer /. Whilst the shaft / is ])enetratin^^ inside the “dpn,” the 
cloth r unrolls and covers this shaft so as to prevent it hein^ crushed 
hy lumps of su])(*rphosphate. When all the matter in the “ tien ” has 
heen reduced to fragments and removed by tlie conveyer, the vota- 
ion of ilie shafts U and t are reversed, until tlu* arms o, p ;>.'e oittside 
.he “ den " ; the slidiuj^' door <i is .unplaced as widl as the door ;/. and 
■he mixing of a fresli hatch is commenced. Tins arrangement is 
dmple, and c‘conoipical. Tlie arm supporting the cuttivj^ knife is 
ixed on a sliaft supported at holh ends, whicli jirevents all work in 
also directions and secures a better output. The attack of the 
material hy a vertical knife facilitates the conveyance of the fnt^- 
.nents it forms. This arranjrement may he applied to any existing 
“dens.” best hy modifying the inside shape of these “dens,” so as 
to render them cylindrical. During the mixing of the sujx-*rphos* 
phate no delicate prece of the mechanism comes in contact with th^ 
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material, so that the mechanism is pmctically imlesinieiihk'.aml liitU 
iiaWe to damage. The screw shall maybe replaced l»y an\ oiluT 
arrangement, giving to the arms (», p a l*orwar(l lielicoidal motion. 

g, nd lilting the whole mecliaiiism wiiV an arrangement allowing the 
speed of the displacement of the arms to he inci(‘ased at will; 
for example, for their retinn. Tlu* invention a})plies to tlie 
extraction of superphosphate as well as to manures, or analogous 
chemical products. Summing up. the inventors elaiin ; 

(1) An arrangement for tlu* mechanical removal of sui>er])hos- 
phate consisting of a vertical shaft <>. mounttal on a hori/ontal axis 

h, and driven willi a simultaneous movement of rotation ami trans¬ 
lation of which the blade r comprises projecting tei'tji »/, prefer¬ 
ably incurved on tiie axis, with the object ot first ot all la mging 
the teeth in contact with the material so as to commence the 
attack of the materia! iiy ilie teeth, and tinisli it by the blade. 

(2) A method of applying the arrangement dt'scrilied in (1). in 
which the hori/.ontal shaft It of the knife, comprising a radial arm 
y'^tted with a shovel v. is su})])orted at its two extremities and 
forms part of a screw shall /. migaging into a (ixed scr(*w y. ilnd 
gearing with a driving cog-wlieel h\ in wlix-h it can glide so us to 
avoid any false working. 

Allr(ii-i’s riiuif Jnr irnn'i-inij SnjK-rjihi'xitlKili-Iri>7/i tin- “ l>cus 
Allegri, tlio engineer of the united tacloriesol tjie Italian agriitultur- 
ists, has also patented a machine to i(‘])lace manual lalunir in rt iwov- 
ing supt*rphos))liat(‘ from i Ite mixing “ dens . 11 is appliance cDtisisls 

essentially of a sort of plough, to wliicli a horizontal and vertical 
motion can he imjiarted. d’lti' |»lough traverses tin- cliaiidter in 
the direction f)f its length, at eacli passage it delael^es a lliin ^*fice. 
of KU]>er])iios))hat(‘ and fliseliarges it ihrougli tlie door m tlie top ot 
the chandler into a eoiive\er. A single workman eati superintend 
several of these* imuihun’s. d his maidiiiu' moves 10 Urns ot supei- 
])hosply^te an hour. The lorce nect-ssary is 1 11.1*. 1 he cost of 

upkecji IS limited to changing the ])lougdi from time to time, whieli is 
the only part f;\l)Osed to contact with tin* superphosphate. Tlie 
appliance mav he Itiled to any e xisimg “ den ” with a tew alt<*ra- 

tions. «, III 

Another meiliotl of empumg, su))erplnis])hate ‘dens is com¬ 
prised in Ifntish Patent No.20.TIh (25 I’eh., P.lOi). It consists in 
the su])ey)hos})liatelieing received on a movable ])!atjo 4 m, on whiclr 
it rests so as to expose siiles and top, so that the mass can Ik? 
broken uji in tlie open nir. With this eiill in view the llnor of 
tlfe (leconiiiosine “den " is nioiinted on wheels ;•!)>■ this means it 
mav he drawn out of the " den “ hy iii.proi.riate mechanism thrniiKh 
a movable door made in one of the stiles. The siiperpliosphate 
removed in this way is then broken up hy any nieehanical arian({e- 
^iient and charged into conveyers to he conducted to tin* diwng 
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rriHchino. Finally, thn following arrangement of the superphos¬ 
phate “dens,” in a Jiordeyaix factory, is described, as an interei^ing 
improvement. Th<! runv “ d(‘r»*% ” consist of long channels in a mass 
of masonry work below the mixer. These channels are I'G to I’fl 
iruitres abov(t tluj floor of th<; factory.* A metallic cradle placed 
insid(! these chann<*ls, of which it assumes the form, is ])ropelled 
l>y a winch fixe<l on the floor on the side o])posite the discharge. 
l>uring mixing the superj)hosphale as it comes from the mixer 
udhercis as an imtmuise cak(i to the bars of the cradle. To dislodge 
it, it suIVtces by imians of tin; winch to bi'ing the cradh; out of the 
d<m, where the product is coll(!Ct(;d in trucks. The workmen have 
litth; difliciTlty iti detaching what adheres to the; bars from whence 
It falf-? into'tlui trucks, which thv.y do by means of rath(;r long tools, 
so as to keej) at a suitable distance. A hood conm^cted with a fan 
is ])lac(Ml on the dischargt; door, by nutans of which the fumes are 
'drawn from the. exit of the “ dens,” thus no inconveni<mc(* is caused 
to tlm workmeu. The su])(;rphos))hate is convev(Ml hy wagons into 
the l\e-sian wheels which elevate it into the drying ovens. 
draws vapour and dust from tla^ dryms, and pi opels tluun tluough a 
dust chambm* wluu e tlu^ dust suhsid<^s and then into a condensation 
towca- for the removal of th(r acid fumes. Th(‘ manufactun^ of 
sup(M‘phosphate, owing to this m“W ai’rangjuiumts, ])rcs(mts no serious 
drawbacks as I’egaills the health of the workitusi or of the neigh- 
J)ourhood. 

Ilrvukin'j lip UH.ii Sl/llinj i>r Scrrcuiiiij nf Snfu-rpknKfihatc .— 
The siipi'.rpliosphati^ plac<‘<l in alma]) in the fiesli slate consolidates 
itself so iiysK^h that it has to lx- broktm down or “ got ” by the pick 
and shovi'l. In ord(‘r to redue<‘ it to a |)r(pH“r degree, of limujess, it 
was formerly projected xgainst an inclined sieve (screen) and the 
“core” c.ruslieil with tlu* hack of the shovt'l. This sieve, of b-S 
mm. in section, that is a (piaricr inch sieve, is still in use in small 
factori<‘s.. Well-made supte pliospliali* does not re<piin' H l)e put 
through (|uit.e so line a sca'ecm as a one-fourlli inch screen except 
forilu'drv mixing of compound manures. Well-made su]K‘ij)hos- 
phate passt'd through an inch sert'en is fim* enough for most 
j)ur})()S(‘s, and through half a,n inch for all purposes, and llu* price 
is now cut so fitx‘ that to a<ld to'vhe cost hy passing it through a 
iKH'dlessly dost' si(‘ve is irrational, the mor{‘ so as su])erphos])hate, 
as distinguished fnun W(‘l mixed compound manures, hr^s little or * 
no cor('. It only wau'ts a to\u:h with th<‘ shovel to break it up to 
fitu* powdt'r. Sjuiking and regulating si(‘V(‘s are also in use. To 
gt^t the super])hos])hate from the heap, th(‘ l)<‘st ])lan is to attack 
it at thv^ tail corner hv dr,awing it towards oneself with the })ick. 
liy lifting it in smaa'ssive layers it would run the risk of being 
compressed, (’are, is taken not to excavate too deep underneath 
when the heap is more that (> ft. high. < 
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^’ompact superphosphatt' is ivdiictMl to a ])ulv«*rul*‘itt'siato by 
(■av’s (lisiiitej'rator or a ciushrr fitted wjth steel teeth. 

Carr’s- ])i^i)ile'ir<i(oi\ This diiiiile^nalor was invt'iited l>y 
Thomas (’arr of Montepelier. n(‘ar Hristol. and wa^s j'atmted in 
Great Britain. It consists esst-ntially of two. four. sin. in- ei^ht 



concenliic ca^^-s, the c\iindri(;al sides ol which coiisisi of nielallic: 
liars h. (‘iicased on one sidr in |)l;nn discs a, on*the oiher im ('n»\\ iis 
a. The first (inside), tliiid and fillh ea;4es form an a;^uie^ate of a 
single ])i».‘Ce, screwed with the hoss of lie (lisc on to a di i \ iii;.^ shaft. 


es loi in an 


In the saiiH* wav llie second, foiiitli. and ihe sixth 
I'^^o-i'.i^ate monnled on tie- olliei- shall, 
riic machine is driven Ji-oni tie- same 
shaft l)V means of two hells, om* of 
which is slrai.dht and iheoihrr crossed, 
so that the ca.i^es formed liy one ol tlie 
idemenlh of tiie drum fit into the annu¬ 
lar s])a(a‘s of the ollu'r and re\'ol\'‘- in 
tlie OjiposiU' dire(;tion. Thf iiiaehine 
is usually enclose<l’ irr a <'o\rr 

and surn^)unted hy a hopper e. into 
which the material lo he imivert^ed is 
charged. This falls into the inlcnot 
ca;^e, and*the machine h.-in^ in molion 
it is projected hy cenirifn^'al force 
across the hars of the lirst ca^'e into ^ i ■ ■ 

the second; turning in opposite direction from the secoral it is 
nrojocU'd ill tlie saiiw wnv iino tlii' Udnl "Hioli Imni m llwi 
sanii' direction as the lirst, then into the lourth, and -<< on. 
Piiiallv it is projected on the outsiile on all the points ol tlie. 
periphery throti^di the bars. The operation does not last a second. 
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The rapidity of the grinding is not astonishing if the great number 
of shocks to which the matter is subjected be considered ;* the 
power of these shocks cbnsists in the sum of the speed of^the 
substance in one direction an3 of the bars of the cage in the otheifc. 
The substance issuing from the crusher falls into a side channel 
hollowed out of the foundation of the machine, from whence it 
collects in the receiving vessel of an elevator, which removes it. 
The size of the drums, number of revolutions a minute, the 
force' and the number ot bars, vary according to the nature and 



Fio. iil.—C hit’h Disintegrator or Toothed Cuislicr. C, Sieve. F, Elevator 
(1, II, Transoiissiou Sliaftiii^'. 


the (piantity of the material to J^e treated and according to the 
fineness to he imparted. A product, consisting of granules of 
* no matter w^hat size, can Ixj obtained by turning the di^tmis at a « 
greater or less spcuMl and having a suitahh! distance betwotm the 
bars. The (‘xperienc^ of the constructor is heie the best guide. 
(Birr’s disintegrator is one of those which utilizes, to the h^st 
advantagt', the energy which is transmitted to it, wliich explains 
its extraordinary high output compared with some of the other 
disintegrators. It is used, not only for crushing superphosphates, 
but also for degelatinized hones. It also renders good service iy 
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making compound manures, provided that llic ingivdicnls possess 
the Same or but slightly different densities. 

Uylindrical Crusher Fitted with JTeelh .—This unisluT consists 
essentially of a cast-steel foundation, on which are mounted two 
rolls, one of which is smooth, and the other provideil with steel teetli. 
The first of these rolls has a diameter of doO mm. (about 14 
in.), and travels at a speed of 100 revolutions a minute. Tlu' second 
has a diameterof 290 mm. (11} in.) and revolvt's at a speed t>f 1000 
u minute. This latter roll consists of a cast-steel nucleus on which 
are mounted toothed ring's, easy to remove and re)ilace. The 
machine is surrounded by a protecting covm'. with a lioppi-r, into 
which the material to be ;iround is fed. The sulist:gic*‘ )>asses 
between the rolls wliere it is subjected to a )K)werful ^n irhliu^ i^tion 
produced both by the steel points and the ililVeiential speed of 
the rolls. The machine frees itsidf automatically from all adherent 
matter, which is not the case witli Carr's disinte^^rator. It is 
particularly suitable for moist sticky superjihosphates. 

^'i/lindrical ('rusher with two Jiolls littrd with 'I'eeflt. 'Pbis 
machine is used for the same purpose as the fore^minj^': it is, moV*- 
ov(*r, used in makin^f coinjioiiml mannres* from sn)H‘rpbosphate, 
and sulphate of ammonia. The two rolls have a Um^nh of 500 
mm. (20 in.) by 500 mm.; ilu* one turns slowly, tbe other 
rapidly. The teeth of one of the rolls ))ass,into the interstii;es 
between tlioso of the oilier, and thus exist a ]>ow«“ilul (unslMii*' 
action on the material. It is litted w ith a covi-r forming a bAii}»er, 
and is comliined with an elevator ami a shaking' sie\e. 'I'liese 
machines may be ^o'oujied in two ways, according; to ^lie nature 
of the sn])er}ihosj)!iate. The crusln'r may be install^’d at a bi^iher 
level than the sieve, or dn the floor. In lie* first (tasi* tiie snpiT- 
phos])hate is fed into the receiver of an elevator wliicli dischar^ti-s 
it at a hi‘;lu‘r level into the fio]))ier()f thecnisfier. The snperjihos- 
phate, ‘j^ftiT passin;f through tiu' ji^tj^a-r. falls on a shakin^^ sieve, 
the fine tnaterial passes thron^di tlu^ sieve and falls into the disehai|;i.‘ 
hopper, whilst the core in tin* sieve r<‘tin ns to llie i-levatoi. wliich 
lirin^'s it back into the crusluV. and so on. 

In tlu^hccond case, where the crnslu r is fixetl oti ihe fldor, the 
material is charged directly into tUie criislu'r, froyi wlience it falls 
into th<.‘ enp of the eb’vator which sjueads it o\ci‘ tlie sie^a* at a 
§ higher le\^l. The routine of the operations is ^hsoluinly the same 
as in the first case. Hut this second metlioil lias drawhacks. 
The cups of the elevatoi-, in seizing the inatt-rial, crush it and 
trftnsform it into a sticky mass wliich )’<‘sists siftfng and returns, 
incessantlv, from the sieve into the crusher and finally clv>kes up 
the whole of the apparatus. This diawhack disapiieais if the 
machines be grouped in the manner indiciit<.‘d in the first instance, 
which the su])eri)hosphate is elevated lieforc Ix.'ing crushed, it 
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is thon 'in consistent lumps which stand the action of the yups 
very well. The sieve itJielf consists of a shaking frame actuated 
by a to and fro motion imparted from each side by a pulley and 
■crank. The frame of the sieve is htted in an iron frame, on which 
the driving pidley is mounted. The sieve is wire wov(!n. ft must 
be kept perfectly ch^an so that the superphosphate passes through 
and does not return to the crusher or become sticky. If the 
sieve he obstructed, the machine must he stopped and the sieve 
cleaned. It is cleaned by heating and scraping with a broom, using 
sand if need he. A mechanical heater is often installed on the 
sieve, hut it can only he used for cylindrical sieves. The latter, 
again, caii'Only used for very dry superphosjihates, because in 
spih^of the' mechanical heating they become ra])idly obstructed and 
■dillicult to clean. 

ff the super))hosphat(! is in a ])nlverulent condition, it is simply 
sifhsl without heing ci ushed ; only the core from the sievii then 
])asses through the crush(U- at a lower level, from which it falls into 
thp receivei' of tlu! elevator, which spreads it again on the sirTl'. 
The elevator, crusher, and sieve act simultaneously. However, it 
is better to drive the crhsluu- independently, or by an electric motor, 
for in many cas(!H thct core on the sieves is not bulky, and needs 
to hi! retm-ned to the crusher nidy at rare inteiviils. It is hardly 
necessary to say th:i.t these ina(!hines should he ejisy of access. 
Eig. hi i-epreseiits a unit consisting of elevator, crusher, and sieve, 
moudted on iron frames. This unit, when litted with rollers, nmv 
easily he conveyed from oiu! depot to iinother as rei|uired. Mani¬ 
pulation and cost of conveyance, often heiivy, 'are thus avoided. 
An inslallaliia.i of this miture only reipiirys three workmen. The 
first feeds the cU|is, the second looks after the nnichine ami hags 
U)), the third conveys the superphosjihate to the depot. In case of 
a break-down the three mutually assist ejich other. It is to he 
noted that ihimp weather is had for grinding iind sifting; the 
sipierphospluite heing very deliipiescimt, it then adheri's to the 
niachitie. 

Aihjintil l>ri/lnif <>t Siijirrpltonfiliittt '.—The dissolving and 
crushing with the machinery ilescrihed above is about as ifconomical 
as it can he, it js ipute otherwiM' with the ojierations relating to 
, the linishing of the superphosphate, tint is to say, those that 
intervene hjtween«" dissolving ” and dispatch of the limshed pro 
iluct. There are factpries where these oiierations cost double wha 
is reipiired in a^riitiouiil installation, fn the present conditicyi 
■of the industry, it is necessary to siqiplant its far as possible, in 
etlectivc hand labour, wlyie.li is always costly, as much as possihl 
by mechanical methods: a machine can he stopped when desired 
whilst hand labour must he kept on continually, otherwise it goes. 
The latteu", therefore, must he reduced to a miniinuin, the supei* 
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phosphate finished with the least possible delay, without hiiviiif; to 
stor*; it foi' any length of time to render it saleable. In this ehain 
of reasonin';, the attention of niaunfaetnrers is drawn to the 
itiachinery and processes presently to be described. 

Theoretical l-tericjc of hriiivii.- The nioistnre of a sn)H’iphos- 
})hate is not alone dtie to a biph w.-iter content, bnt also to some 
extent to the Jiresence of an a]ipreeiable proportion of free )ihos- 
phoric acid in siijtersaturated snperphos)ihates. Tims, when a 
superphosphate contains 5 jter cent of orlbo]iliosphoi ie aeid it may 
contain as ninch as 15 per cent rtf water, without beino aetnally 
wet. Accordine to Stoeklassa. acid phosphate of lime beate.l to 
100° G. loses, in tfUi bouts. l‘S.‘( jtercimt ol wttter: in twenty laturs, 
2'46 per cent; in thirty hours, 5’21 ]ier cent: in fort\ IttMii s, 11,12 
per cent: in fifty hours and upwaicls, lil.'l per cent constant. At 
‘200° C. phosphoric acid chitnpes slowly into pyrojibosphorie tieid, 

L'lljl’O, - 11,,() - 1I,IV*T 


^^loist siiper|ihos])hate may be dried by evajioratin” the wtOer 
which it contains, (dtber b\ ttbsorbinp a ]iart ttf tlie bee pbospfiorie. 
iicid which it contains lie tnldilion ot inert niTitet ial, sncb its calcmed 
oy]isnm (whicli combines chemically with the water), kicselenfii'^ 
peat dust, sawdust, or in fact by eombinino ti portion ot the freit 
phosjthoritt ticid. I’rom an iiidnstriiil point #1 viiwv, we bate to 
examine the a))plication of heat to diyine, direct lieat.np, aial Cold 
dryint;. The di vine maebine, by direct heatine. winch is iist-d bir 
divine bones, iiiav be used tor the diyiiie of raw phospliales, but it 
is 'not suitable for siipeiphosjibate. It is. moreo\ei, V'l > tiyiii” 
and danecroiis for tliejieallli of the wotbmeii owtip to the dis- 
eneaeemeiit of the acid Jases of the supeiyihospbates. Ilesides, llie 
material beiiie pressed by the workmen diirint; sbovelliiie readily 
adheres to the iilates, wheie it iiiidereoes a kind ot eoiiibiislion from 
whicli « retropradatioii of as niiicb as 1 jier cent may resiill. 
over it is very difliciilt to repiilale tlu' lieat of a coal lire, which 
recpiires constant attention.. The ),rincipal systems of diMiit; in 

actual use are the followiiie: , , ,, , r ■ . 

Liivimrfs Dri/cr. The inventor pives the followmt; dericioiisly 
laconic descriiition ; T'lie aiiparatns consists of a tiiasoiiry cbaiiiber 
divided into three coni])arlmeiits : (1) A health of refiacloiy^ 

material., in which there are mixed the hot trasi^s 11011 ,^ 1 ,. f-eiierator 
hearth and the air propelled bv the blo^veis. (2) A chamber 
succeedin'; the ,)recediiip one, into which pass the mixlnie ol nas 
and hotair before enteriiiK the dryiiit; inaidime. (,l).\ stove 

heated hv the heat radiated Ironi the hijartb, and m which the a|)- 
paratus described below moves. The dryer, pro)ierly so-called, has 
the form of a hiehlv-eloiif-ated tnmeated cone and is arranf;e.l 
•horizontalIv on rollers; it is entrained by means ol ('earin'; in a. 
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^sontinuous system of rotation. In the interior this apparatus is 
fitted with corners intepded to raise the material in an ucjin* 
terrupted manner and to project it into the hot current during i^s 
whole stay in the apparatus. At the extremity of the small diameter 
of the apxjaratus is a feed hopper, at the other end are apertures, 
the object of which is to drop the dried material and allow the 
eHcay>e of hot air and steam during evaporation. 

Zhnniervumti s Dryiiuj Markine. — Ziinniermann’s drying 
machine corisists of an oven H metres (2G feet) high, heated by 
coird)nstion gases. The hot air comes in contact with the material 
on iron plates suspended by chains and litt(!d with a system for 
agitation. ♦ An oven of this kind, occupying a space of oO s<piare 
metu's (5dH square feet), dries four wagons of superj)hosphate 
in tw(uity-fonr hours. The latter only I'emains ex])osed two 
minutes to tie; heat of a very bright coke lii'e; it then becomes 
heat(*d to HO' (). and los(!S 5 to b j)er cent of water. The motive 
j)Ower nMjuired to shake the plaUis is three II.l\, and the coke 
huj-nt, in twenty-four hours, half a ton. Three men can workfwo 
ovens. Tli(^ iron ])lat«^s form a diawljack in not allowing th(! liot 
gases to pass, which thus take the shortest path along the sides of 
the oven. Lately the inv(mtor lias re])laced tlu'in by si(‘ves. The 
combustion gasc's and tlu; acid gases pass into a dust chamln'r. where 
the latter is de|)Osit(?d, wliilst the acid gases are purified in a con- 
deifsing tower. The acid contained in the gas wdiich is disengaged 
fiom \he, dry(U‘ is chiefly hydiofluoric acid. This gas, as well as 
th(.* hydrofluosilicic aci<l, (‘xists (lissolve<l in ilu; water contained in 
the superyfc!u)S])hate, and is ]>arlly re-formed when the siihstance is 
heated, any f^ee sulphuric aci<l acting Uien on th(^ still mule- 
composiMl calcium lluori<le. Tin; hydrolluosilieic acid is decom¬ 
posed by heat into hydrofluoric aciil and silicon fluoride;. 

The; diying machine lorrning the ohjd'ct of the (lei inan patent 
<So,27d only differs from the above descrihed oven in the iJl iange- 
nn.Mit of the iiitei ior and in the method of agitation. The sliaking 
plat(;s are in tliis case not susjxuultMl.hy chains, but rest on cr’oss 
pieces and are moved by manuals. 

M(">l)cr and P/eiJ/vr's Drifiiui Machinv.- Molhu- ancT Pfeiffer 
hav(‘ constructed iv di-iim drying niAchine in which they have striven 
^to avoid sliocks and sudden motion, which are absolutely injurious 
to the structf^H' of Uhe superj>hos])hate. On the other ha^id, these 
makers s(‘cure energetic drying and ventilatioi^ by using superheated 
air. The ap])aratus is based on this principle, that each material 
requires appropriate treatnumt according to its nature. It consists 
of four ya incipal ])arts, whiah are : (1) A heating system for heating 
dry air. (2) .\n exhauster for ventilating and absorbing combustion 
gases. (3) An arrangement for mixing air with the combustion 
gases and to receive the super))hosphates. (4) The drum, properly* 
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so-<^lIeU. The working' is as follows: The superphosphair is fed 
from a cup elevator into a hopper throu(<h which it falls into the 
drying machine, where it is met by a strong current of hot air. 
\t'hich forces it into the rotating drum. The current of liot air is 
produced by a powerful bin with a conical aperture : the jet of 
compressed air that issties from this aperture drives an ejector 
which absorbs the comliustiou gases. The air and tiu' gas are 
mixed in varying projiortions at the will of the operator, who can 
thus obtain whatever initial U‘ni]H*raturt‘ may he desiri'd. This 
temperature may he somewhat high without ilu re lieingany reason 
to tear retrogradation in the su])ei})lu)s])hale treated, for the diyiiig 
of the latter l>eing so energetic the tem]>eraluri' of the ga-? is lowiued 
considerably. Owing to the rotation of tlu‘ drum and its sl.sping 
position the su])er})hosphal(‘ eirculat»'s to the ojiposite e\lr«-mity 
and is reduced to small fragments, eonseipjenlly the interior of the 
granules is laid hare atul submitted in its turn to the ae.lion ol the 



hot 'MM'S. At the <‘iul of tbf drum the su])cr)ibosph:it'' tails into a 
“ den,” from which it is takfii to be slon-d. The hot air wbicli 
issues from tbe drum is nol '^aluialeil n ilb moisture : it is tb'-rctore 
in givaf })ai-t absorbed by the exbausler, mixed again with lombus- 
tioii gases, which lu'iugit to the drsiicd ti‘Ui|)eral.uie. and afterwards 
it is again sent in to tlie drwug machine, in eariy on Ibi- work ol 
desiccation. In this wav llv gas.-s having alreadv served, aod still 
at-S") ('. (T(i.VF.) iirc only llm siinill i|ii:iiil il\ ]<-(|iiir<'iI 

for proper comliustioii l)fine alloWi'il to |■soap(■ ii.lo tlw ail so that 
fresh may come in : the loss ol' heat is therelmc shrill. Ilowevei'., 
this circuTatioii cannot he indeliiiite. it is liniil'''l, naturally, hy the 
filial saturation of tlic esca|iine tjiises. It is Mien necessai v to start 
oiice more with completely remnatcd air so as to ,secure reenlurity 
in the (Irviiin, Tl'i" drviiie muchiiie is one of the best, anil has 
numerous apiilicatioiis. 

Ibjimann and Xil.wli’x I'nici’.sa far Driiiwj .Siipei'p/msp/t'i/i’s.— 
Heyrnaiin and Nitsch endisivoiir to utilize the heat produced hy the 
feaction of fresh superphosphate to va])orizc the water liroiight to 
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the surface of the lumps hy criishinf'. They manai'e in this way to 
conduct dryine and cruship^simultaneously. The superphosplfate, 
at a temperature of 90' C., isaiharned into slightly inclined lotary 
drums, the angle of inclination of which may he regulated at wilK 
It is there crushed and sifted. The fine flour falls from the drum 
into a ])it, and when it is cooled it has acquii'ed the necessary degree 
of dryness. But this condition, being incapable of realization in 
the manner indicated, the invimtors remedy it by injecting a 
current of hot air to meet the superphosphate as it falls fioni the 
machini! into the pit. This ])rocess does not appear to have been 
ado]ited in practice. 



Fl<i. Superpfiespimto Jtrvrr. A, leitriincc of siiporpliosphato 

from “(Ion”. 11, Kntriinoo for hot iiir muter pressure. C, Dryino 

tronpfi. 1). l'’.ntrane(( of cold air muter pressure, t',, fooling trough. 
F, Sieve. (1, Fine .superphosphate. It, Coro. « 

Dr. Ijore.nz’ /'rorr.v.s-—(Dr. Lutjtms’ successoi).—-Dr. laitjens 
has endeitvoured to accelerate all the stages of superphosptiate 
manufacture, tin; ohj((ct being to terminatt( the whol(» series of 
operations in tw^'nty-four hours*so that the product may at the 
end of that time he warehoused or (lisjratched. The process which 
he uses is ktpt secret, and Dr. Lutjens has refused tQ give the 
author atiy information. .Mthough his process more particularly 
interests (lerman manufacturers, who are obliged to make high 
strength superpfiosphates, valued according to their content‘of 
phosph»ric acid soluble in water, the author thinks it his duty to 
give the descrij)tion for the edification of his readers. The super¬ 
phosphate, whilst at 100 (212' E.) in the “ den," is taken by a 

conveyer on to a pladoran, under w hich a scraping machine work^ 



CRUSHING, STFTIX(i. KTC., OF SFPKHFHOSFllATF 1^9 


ami run into tiie top }):ut of iho liUlt'r. ihrou;:h a lutjipM'. 'Plu' 
scraping machine, ami its application, are tlHm)hjrct of (Ifiinan 
j)aU‘nts 95,7oh ami l)l>,()4r). the amligr's uanslalion el wiucli from 
e original German follow, the translations at the eiul of the hrerrt 
being almost unintelligihlr, 

(hniuDi I'litcnt \i'. Ifo.VAl) ‘'t lb Mtirch. Isp7. !<■ tlw 

i'liriK. t'ubnl: (it .st'llsi’hnl i' \ onii (\(il Si-lhuii >i (b.. /bexeo’o 

—'I’he object of the new ))roeess is to iliviiie siiprrphu^^phatrs so as 
to facilitate their disirihiition in ihr sei!, for, in the state of lmnj)S. 
they only give up their ])hosphorie acid slo\\l\ and <liriieultly. 
Resides, the tine division ol a su|M r)ihosphale is indi^'pen^ahh' 
from tite ])oini of view of tin actual ttiatiner of liislnhuliiig niaimres 
l)y the manure drill, winch greatiy facilitates tin* work i^j’ the 
farim‘r. The s^^perp^lo^pllate. such a< it comes from the mixing 
'■(hut,” contains about lo jicr cent of water, and in that condition 
it is very sensitive to shocks and crushing, so much so. ihat the 
proc(‘sses used to )uilveii/e it up to now ha\e been toutid un- 
s.mahle, d'h(‘ new ])rocess is based on this ohs.-ia a I ion, ijiali 
hot solid su)iei))huspliate in the slate in wliich it exists in the 
mixing ’'dim, possisses a propeilv \vlii<’lt has not been lutherlo 
recogni/ed, that of being (capable ol being cut into \'er\ line slices 
which, exposed t(j the air, bieak ti}t and fall to powdei'. 'Phe 
jtrocess of which the ]n-esenl patmit is llie<>bje<'t. coii’-isls pre- 
cir-eU in cutting the mass in the condition in which it comes from 
the mixing "den” into \‘i\tine slices. I'racticall) this done 
as follows; the su|)erph(.'sphate is run into a drum in which 
knives are revolved in v« a rapid motion, cutting the su)i*^^ pbosphat<i 
so as to ili\ide it without ciushing it. The thin •bees are then 
reduced to a line powder, the leiiuil)' ol whi<’h lacililates the 
ex])ulsion of the moistute contained therein, d’he pioducl llms 
obtaineil (am be verv easily ami umloi inly distril)Uted. 

(iriw/tiui ralriil S». tIb.Olb <>l' Iti Minrli, |Hb7. Addition to 
patent Ifojob of lb March bS'.lT. delivered It) Match, bSt)?, 
maximal duration, lb Marcji. I!fl‘i. 'I'he process of whicli this 
patent is tlie suliject, i'+ a modiheation (»f a ))io(a‘ss claimed in the 
chief jiat^nt, above-mentioned, the object of whiidi is to cut up 
fresh su])cr])hosphaie in a rotain drum armed 4 \ith knives. I p 
to tiow the siiperphosjiluit'- from the "ilen” was stored, ami 
sooti as i4 was cold and dry it was jmlveri/.eil in a ••rusher. As 
it comes from the "den” tlie su)(er]dKisjih^ite is hot timl soft, on 
ejoting it becomes (mnsisleiil. It hits been remarked that only 
the sup<u‘])hos))hate which comes from the den i1i lumps becomes 
consistent, w hiisl the portions tliat tire ip a {jtdvei uleuL sta4e do not 
agglutinate hut nunaiii in the condition ol ])owder iti spite o! th(j 
pressure of the mass timl the high t(‘mperature. Ibis observation 
iias sugge' ted the idea llml su]M'r])lios]ihate could he jedma'd to a 
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dry and pulverulent condition as soon as it comes from the miying 
“ den The crushing )>rocesses used hitlK*rto, such as passage 
through a (arr's disintegrator, cannot he ap})lied to fnish super¬ 
phosphate l)ecause they would nnidfjr it sticky. The present 
invention (‘nal)les the d'esintd statf; of division to hi; imparted to 
sii])erphosphate immediately it comes from the mixing “den” 
without grinding or crushing it. The jnccess employed for the 
j)urpose is l)ased on this fact, tiiat if superphosphate is cut into 
very line slic(;s in its origiiial condition it is immediately convc'rted 
into a line powder. The superphospliate is transferred hy a 
conv(;yer into a ho))])er winch f(‘eds it into a drum armed with 
knives. This drum consists of a jjosteiioi' disc aird an anterior 
ling. Hetweim the disc and the ring tliei i; ar e arranged tangentiallv 
.at fixed distanci's steel blades or knives, covxuing the ojamings for 
the exit ol tlie linished sujxnphosphate. Sixteen blades of this 
kitrd pass in front of the hopper- aj»eitui-e, at a speed of 300 r-(;volu- 
tiorrs a inirrute, conseijuently there are 4H()() impacts pin' minute. 
The sii(;esso pro<lu(;ed are vin-y lira*and do not set on accumulatiTTg. 
Idle dr um is driven fronr a shaft hy means of a jrnllev. On the 
liopjier- side and Ireneath it are wrought-irori plates, on wliich tire 
liirislied sujiei'])hospliate. issuing from the drum, falls; from these 
plates it diojrs iirto trucks. ’The working of tire installation is as 
lolkrws : 'The dr um is dr iven by a ]iulle\ and revolves at groat 
vspt'ed., Tire speeil. which is thus tiansmitti.'d to the knives, is 
cahailaUal so as to (‘xceisl ilu* ra.])idi( vof the fall of tire su))er]ihos- 
phate into the feed hopper-, in that way, all the su])er])hosphate 
is Ari'ciMl l\> pass between (he knives, and the uncut lum])s ar'e 
preventi'd frirhi pa,ssing thr-ough the aptuUnt^s and falling into tire 
ti-uek. 'rire spaces between lire kriivi's are regulated aceoiding 
to the sp(‘ed of thi' peiijrhi'iy trf the drum and |■ecl]l|•ocallv. It 
follows that lire knives sucia-ed I'ach other- in tlieir- aetiorr, jreiretrate 
into the material arrd for(;e their way through successive lavers. 
Very thin sli<a‘s ar-e thus olrlaiired which fall to ]K)wder. This 
division is still fur thm- favour ed by the ']teed of rotation of the dr unr, 
wlricli pi'odu(--es a strong curfent of air-, thus acting orr the substance 
aird pririlucing a cyclortic nrotiou in the parts detached by the 
knives. d’he piUveii/ed matei'ial falls from the jrlates into a 
v'ti’uck. The curr-ent of air- produced by the rotation of the drum 
impar ts air imjM'tus'to the }rhos])hat(' ])owder detaidreil In’ scra})ing. 
'The wr-ought-iron pla’es also serve to Iri’i-ak tiris curi’enl of air in 
its tangential cojrrse, so that the powdtu- only falls iiHo the trucks 
at the screed it would fall hy its own weight. An idrrujrl fall of the 
material is thus avoided. Finally, the curr-ent of air produced 
in the drum frees the super-phosphate fronr gases which have an 
.olTensive oilour. and twjrels them. 

-Dr. laitjtms afterwards mwlilied his processes, lirst, in com'- 
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bin«i;; the scrapin',' niacliine, afterwards in cwling the 

superphosphate. The process thu^ iiioditied realizes to the 
fetter the pro)>le»i enunciated above,* to produce a siiperphospliate 
ready for dispatch in twenty-four hours. For tliis purposi' the 
superpliosphate, cut into very line slices, hills into an upjn'r diy in^ 
trough, wliere it is ex]>osed on all sidi's to tlu' action of hotair; 
this completely traverses tlu‘ mass, heats it and rendi'rs it friable. 
From the u)i])er trough the su]>er})hosphat(‘ fails into a second 
trough placeil beneath, where drying is completi-d b\ a curnuit 
of cold air under pressure, which lowers the iem])erature to ‘20’ ('. 
The super])hos])hate is tlum sifted ; it (puts tlu; siev«‘ in a \('ry line 
state, ready to b(‘ dispiUched. TIu* cold air tri'atnieiii not onlv 
prevents tlie substance from aggri'gating into lumps, hut tin* 
same time prevents retrogradation, as will be seen later, 'riu* plant, 
it is claimed, dries 10 toiis of suptu phosphale juu' hour and recpiires 
few ri'pairs. Fuel is fully utilized, sinct^ by burning ordinaia cok*‘ 
oi^v 1 cwt. |ier 0 tons of siiperphosphalt' is reijuired lo iciriovt* 

0 ])er cent of inoisture. • 

It is right to add that to work regulai h , this machine r(“(pjires 
to !)(' mannisl ))y workmen familiar with this class of work ; it 
increases the outjiul of the faetoiv, a.nd superpliosphali- can he 
dispatched from tbehea}). 'blu* cooling of the sij))erplios))liate was 
the obj(‘ct of tin; German jjatenl No. IFJ.lol of M .\pril. iShV, of 
which the following is the irarislalion. 'riie proc(‘sses emplo_'*ed up 
to the present for drying sn](erphospliates have the di'awhack of 
h'aving thesis prcjducts at a high teinpeialure, so that il lun on to a 
hea]» they cool l>ut slowly. Now. heal is very injiii ioys fo the sup-r- 
phosphatt*. in the hea)). ;tnd it then ac(piir(‘s a gicat lendencv to form 
lum))s. Frider the ]U(‘ssui«‘ to wliich it is snhje<ged hy its <jw n 
weight, it heconu'S conipresse<l nau'e stronglv the longer the 
warehousing is jirolonged and it is ilien netiessiry to pulverize 
it once more, hefon* disjpatching il. 'I’o this drawhaek a graver om* is 
added siiic(‘ slonsl siijierplu»sphale lias a great tendenev to ret* 
rograd*'. the phosphoi;ic aei<t rendered soluble then relurning to 
th(' insohdile condition, l)ecaus<' h'-at favours I'eliogiadatifui and 
the dried ?li])(‘rphos|jhales pcese^c their heat w^lieii in tail heaps, 
and oidy cool slowly. TIk* oliject of the pn'sent invention is to 
avoid retmgradation of the >.olui)Ie phosplioric acid sujierplios* 
phates wmich have to he storeil. For this purjios*! the lieat is 
removed from the dried, hot. pulv<*rized •superphosj>hat»; hy a 
Cifrreiit of cold aii‘. TIkj convcyanc<i of the su|)f!rj)hos])hate thus 
finished, to the store, is done in tilting trucks or hy a*rial ct^nvi^yer. 
This latter system is the best and the most economical in the 
manufacture of superphosjihaies, where it is indisjamsahle to utilize 
•^s much as possible the covered space to store tfie goods. This is 
what a manufacturer who uses the Lutjens proc(*ss says : “ I 
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could not be better satislied with the scfaping machine, 
sui)er|)hos]jhate obtained U' this process isexca^edingly line, free fiiom 
luffips, and so dry that it rna*y be dis])atched a few days after it 
is cooled. It responds to ail exigencies, liefore dispatching it T 
pass it through a sieve of 0 rnin. (a quarter inch sieve), and 1 get 
no core. The scraping machine enai)les su|!er])bos])hates. of a 
quality hitherto unknown, to be made cheaply.” Dr. Kiemann, an 
exj>crt in superphosphate manufacture, says; “ \Ve have only 

O'O to 0‘7 per cent of insoluble JMlr, in Elorida su]>er))hos])hale. 
As a general ride we obtain an increase in the pliosjiliate rendered 
soluble, and we hav(^ not observed retrogradation in llorida 
superphosjAiitte i^vim after several months’ storage.” 

Hhperheati’d Superjihosphdlcs. — ( h ispo diaws attention to the 
change's which occur in overheated siq)erphosp]iates. After a 
ciTtain tciinperature ortho]>hos]>horic aci(i is clianged into meta- 
phosphoric acid. I'ixjiei inients on this ])oint have shown that 
orthopfiosplioric acid, Isnited to lOo" during tliree hours, is con- 
vei<ed into meta])hosphoric acid to the extent of H) per cent, wlilTst 
if heap'd to 200 it is converted to the extent of 00 per cent, l.yy 
the loss of a certain amount of coinliined wiiter. If the soluble 
])hos])horic acid l)y the citrate method he determined in over- 
heaP'd superphosphates, it is to Ix' observed that metaphosphoric 
is n/)t ])recipitaP'<l bv magnesia mixturt', and that only the ortho- 
phosuhorie acid is found in the ])reci])itate. If the (h^terminalion 
i)e made' by tlie molybdate of ammonia metliod, the sum total of 
the two j)hosp]iaP*s is found, the nitric acid bringing th«' meta l)ack 
int/) the or‘tho form. (h'ispo considt'is metaphos])}ioric acid of less 
valiu' tlian ilie ortho. However, experiments nnule in (iermany 
have shown that under the lirst of lliese two forms jdiosjjlioric acid 
has given good ri'sults. ExjH'iinu'nts at tin* Agronomical Station of 
Goinhlouse, l)y (nvgoire and Ileiidrich, have shown :— 

1. That the alterations uiuh'rgoru' by the dried super}>hosphate 
in no way dimiuisli the fertilizing vahu^ of that product. 

2. That desiccation at a temperatwre of 1(35'^ C. lias a])preciably 
increas^'d the activity of the phosphoric acid. 

3. That the midapliosphate and tlie jiyrophosphati' f'f lime re- 
sjK'ctively, the )fh)duets of deln^traling mono and bicalcic phos- 

iphates. art' without fertilizing vahu'. In ])ot culture t'xperiments 
in the Ijiegt'*laborat??)ry, each of the pots containing 4 kilds (8*8 lb.) 
of soil. Uigouro oats gave, on an average, according to the phos- 

j»bat.e».; imrd : «• 
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cillcincil. jiroducf llu- siuin“ (‘Hfcls as oriluiary sii))cr- 
phospiiates. On tlu' other liand, llu? aelion ot (Miinim'ivial^niOa- 
phosjihau* is coinparaiivelv tVeblc in tlu* sandy olay <‘X|M'riinrnts. 
In an cxperiineni on saiulv soil the di ied and calcined siijun phos- 
jdiaie had a less etfecL limn snperphosjihaie siinjilv ilried at ItiO' 

C. F.). 

''‘Ih-i/iu'j .S///'r//i//e,vp//(Of'N ill tlif CoM diyin;^' |•|• 0 (‘esses 

con^i^l ("sentialiv in niixni;^ wiili the sii))erpho'^]diale. dry sid)- 
•iianet's inleiided lo condiine with a porliofi ol its pluispiunic acid. 
lOunpler advises ihe use ol hone hlack and depelalitii/rd hoiu’s. 
These siihsianees poss('ss a-;real ahsorheiit jiower and ina\ he used 
with snec'-ss for llie diyin.u^ of hi^h siren;;lh sU))er)ihosi)hat<-s. .\s 
reLiarils the use of hone dusl, 1 or mole p* r (nail may he ad<l(*il to 
tlu- super))hosphal(‘, acc'>'din^ lo its pt-rcenta^e ot lo-e aeiif. 'Fhe 
hon** dust sliould ])ass ;hrou;^h a 70 mesh sieve. The phns- 
})lriie taken fi'om tin- “ n " i-' 'spread out, the hone du*«l. ^|)rinkled 
over it, the mass turned o\e)- ami jiassetl throiij^h an inclhied 
screen. Aflei- iwentv-lour hours the hone dust is almost all in- 
corpoiaUal. and the super])liO''phale I'eady lo he dispatched. It 
is eleai'. howevei', that ihi-^ \\ork. ilone hy hand. e,an only partially 
attain the object in view. Dr. Klippert has the nieial of applying 
this ]»iinci))le, usine an inipi'<)\etl equijnm.mt, llu- conslruclion ol 
\vhi<.-li is kept secret. 

Ihiirii'f >>{' (he. Snivi'i>h‘>\i>li(ilr l>ii Ihisliii'j iiml Mi.iiihi ni (hr 
f/'re/-,/rs (iriishrr‘Sifln---\\\ l-’rance an analoeous jtroeess to tliai 
just described is adopted. Th'i^ process consi'^s in mixine per 
cent of raw (iafsa su)ier)ihosphate, well drieil, and in the comlition 
of fine jibwdei'. For this jiurpose the siijiei.iihospl^ite from the. 
‘‘den ■’ is s)iiea<l hy an aenal conveyei' oi^ a platloiin (Fij^. dlj ; 
a, workman dusts the jiroilucl with (laKa -'U^ierphosjihate and 
chai'^es it into the ei-indintf sitter shown in the henre. In this 
machine a shaft witli blades driven at a suilahle speed iriunales 
the mass and mixes it intimately, whilst the sieve moves it in a 
contrarv ditection. The fine material falls from the sieve into the 
^lin of an aerial conveyer which conveys it to the warehouse. 




I’ni. —Sifting Cruslier fl>enk('r and Aartnmnn). 

Table for dusting superphospliate. JJ, Sifting crushcr(double motion), Georges system, 
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where it remains until the time for delivery, iiefore hein^ dis¬ 
patched the superphosphate is cruslied and sifU'd throu^h tlie 
Cos*ler crusher, ^\hen the superpljosjifiate is suitahly ])i'e)tiued, 
»he treatment indicated suffices to obtain it drv. .\ i^reat numl>er 
of factories have installed, this process, which eiiuhles them to 
dispense with a drying; machine. It is necessary to add that 
it is oidy applicable to superphosphates for home lamsunijUion. 
as superphosphates inten<led for exportation, especially thost* tor 
the East, ou^ht to !)»• dried artiliciallv in tlu* diving niachitie. In 
the fjUtjens ]))()cess I ])er cent of de<;elalini/eil hones or Al^'erian 
])hosj)hat*‘ is also added so as to drv th(‘ pro<luct and avoid tlu* 
formation of lum]>s. The choice between hone dust aud .M'^m ian 
phosphate, as tin* drier to he added to tin* superphosphate, (hjauuls 
on circumstances. If (he su])erphos]ihale is to he dispalehed in a. 
week or thereabouts, one remains satisfied w ith I per cent of Al^nn ian 
]jhosphate. On the other hand, if it should not r(‘ipjir(‘ to l>e *lis- 
palched Ix-fore a month or six W(‘eks, O'o of hom* dust and ()'5 ])er 
cent of Aloci iatJ ])hosphat<' is ailded. Wlu'u the phosphat*' has to 
he ke])t lonj:er, I ])i‘rct iit (>f hone dust alone is atlded. The reason 
for this melliod of procodnri' is. that liie a<hlition of the ]ihos|»hale 
lends to harden thi' su])er])hosphat<“ in tho heap so that it has to 
l)e screened a^^tain hofor<’ disjKiteh, or even )iasst*d throu'^h ('avr’s 
disinte^n-atoi’. The new methods of Eutjens for tlte workinj^^ of 
sufjorphosphatrs present real advatita^'es. But siiclt installattons 
hein^ somewhat costly, they are only ustsl where hit::h slVen;;lh 
su))erph(>sphates are re(]uireil or when |)ulyei nliuit proihietse.apaido 
of hein^^ spread by the di 'Il are rei|uiri*d. it is n*‘cess:y y. in that 
case, tlmt tile superphosphate slKUild eontain an •mpoiiant pro- 
])Oi‘tinn ol free |>hospruni(‘ acid intende«l to ilissoUe the raw 
))hospha:e :nhled as nietilioiied above. .\ h'lorida. superphosphate 
of is ))er cent, foi example, shonhl not eontain more tlian -1 -> 

per cent of free jiliosjihorii- u<'i<l if it is not desired to a<ld raw 
jdios])hat(* snhse<pie)itlv ; if. oji th<‘ olln'r hand, I per cent of 
Algerian phosphate he added^thereio, the tree aci<l may he in<-r«’ased 
to 7 to S ])«•!'cent, (•ertaiii foreign (!ounllies stipulate foi siij>er- 
])hos])hat%i of very hi^di siren^ah. Thus Scaiuiiiiavia stipiifates (or 
20 )ier cent, which is nonsense, fts products of tl^s kind are n*ally 
relatively dearer than loto IM ]M‘r (■i‘nl. whicli are current lyju'S. ^ 
Sliiri%<i (J'n’scrritliiiH} i<f Siiju-rfihosjthiilv (/o’- 

ilHi'liffi} e/' I’lutsplwrii- Arui. Supeiphos}ih:^l<' keeps well from oia; 
stjason to another wlnm the ))hosphate from wlncdi it was made 
docs not contain more than 2 |K*r emit of the ses(juioxides of iiou 
and alumina, hut it is tiot so if ke])t lott^fcr. The: phosjdi^^ric acid 
of the su})cr})hos])hate cf)inniences to retro^u-ade (“ redma* ”) il llai 
raw phosphate was not pure. Uetroeradation sets in much sooner 
a the raw phosjdiate contained more tlian 2 jier cent of sesijuioxides, 
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or i! tnistakes have been made in its maniit'actui-e. Ketroj^radjitiorx 
(“ |•(;ductio^ ”j occurs under the influence of ditl’erent cai*ses, 
physical and chiMiiical. The*h(;at and ])ressure of the sujxerphos- 
phate lieaj) a])])ear to he the <li)'ect ];redeterminatin<^ caused. 
Stored supei])hosphate forms, first of' all, ])acked laytu’s. The 
}^rannl(;s of which it consists have oidy a slif^dit su])ei jicial contact, 
hut as the thickness of the; layer increases tin; substance becomes 
com]jressed in virtue of its own w(n^dit, afterwards iij virtue of the 
length of contact, so that finally the particles becomes cemented 
to^^(jth(;)‘ to form a vei y com])act mass. There is thus established 
betw(;en each an exchange of chemical energy which leads to 
decotnposirton. Ex])erienc(! shows that these changes are more 
rapidein moist hot sn])er])hosj)hat(; than in dried cooled superphos¬ 
phate. Th(! crystalli/ation of the suljdiate of lime, unfinished in 
supcn'phosphate, stored liastily, is com])leted in the super})}tosphate 
hea)). Tlu^ snper])hosphat(5 of lime, combining with the sul])hates 
of the s(>s(pMoxides, foians nion; sulphate of lime ; free syru])y phos- 
])li(?ric acid acts on the, silicat(;s, et(j. Now, all thes«i n^actions give 
])la(;e to a disfmgagenuniL of heat, conse<|U(*ntly the matter expands 
and tension is ])roduced. Each of these niactions occur at a fixed 
tem]>(‘ratur(‘, which it is impossible to gauge directly owing to the 
isolating intlmnice of th<‘- sulpliate of linn^. h'inally, agglutination 
is still furtluM’ indTic(sl by th(; larefaction of the air between the 
granuh's cooh'd in the hea[). For a differtnice of .10’ (J. (IS F.) the 
difference is d'.O per (amt. It has been ol)serv(‘tl that the ))hos- 
phorit5 a(Md of th(^ siiperplu)S])lmt(‘ does not eonuTience to retrograde* 
(“ reduci! until the monietit wln*n the pailicles agglutinate, i.e. 
when it is subje(;ted to a (^(‘rtain ])i‘essur«“. Jt is, ther<'for(‘, ])ressin«! 
which causj's rt*trogradation by destroying the friable compounds 
of th(^ sM|)erphosphate. The part played by t(nn])eraiur(' has also 
been determined by din^ct (>xp<‘riments. Theses show that it may 
rise to 100 (1. without injuring ])ulvt!i ul<Mit fj'iable sU])er))hospl>ate, 
and up to 50’ ('. for agglutinated su])(‘r])hosphat(‘S higher temp('ra- 
tures arc' only injurious under ])ressu-"e. Snietham, in examining 
tlu‘ inlh.u‘ncc' of thc^ oxides of iron and alumina on the retrogradation 
of phosphate's, noted an essential dilferc'iice in the aclffon of the; 
two oxides, whied. liad lH*en ol)sch ved for a long time in actual 
practice'. Whilst 1 ])a] t of oxide* of iron will cause* nearly 2 jearts 
of phosphate*‘bf limoto rc'trograele*, the* oxide* of alumina‘can oedy 
re;tre)grado its own w>'ight of phos]>hale (thee)relically it retro¬ 
grades ne*arly d ^inu‘s its own weight). In Florida ])hos])hate. 
Pebbles and River ))hos))hale, alumina forms the greatc'r ])art 
of thi' !^eS(iuio\id<*s ])rese‘nt. but the ratio of the alumina to 
the iron is. on aix avc'ragc*. 1 to O’l. Accoreling to the same 
authority, iron forms two insoluble* compe^unds, the mono-di- 
ferri phosphate and the di-tri-ferri phosphate; alumina only 
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forms one compound. The In-e ortho ]ihosplioric acid would 
ap]ii*ar to l)e rendered insoluhle in the ^oil moix* rapidly hy iron 
und alumina compounds ilian monooiileic phosjihaie. as pi(‘\ious!y 
(feiermined by Gerlach ; the latter also remarks that ]>hos]>lioric 
acid, coml)ined with oxide "of iron and alumina, iloes not dissoUa* 
in carl)onic acid water, contrary to what occurs wlu ti the acid 
is combined with lime or ma^mesia. I’hosjihalt's of iron and 
alumina are only very sli>;htly soluble in ih(‘ solutions of or-^uuiic 
acids; pliosphate of iron bein;^ almost insoluble therein. As the 
moisture in tin* soil is not more aci<l than this aitilieial solution, 
it may c(?rtainly be taken for ;;ranied that the )>hosphates of 
th(‘ sesipiioxides remain insolul)!e in llu' soil. Wlien retro- 
gradation commcMtces nothing can stop it; it ])ursu(‘s a \ery«a)n<l 
course, (Wen when the cohesion of the material is broken, as 
is the case when mders are being dispatched. When supiuphos- 
phatesof this kind arrive at their destination they sotm'linies \ield. 
on analvsis, dilTerent ivsults from tliose oblaiiieil when dispnlcheil, 
but the sain])le tlieii retained yields identical r<‘sulls, which shmvs 
that the superphos])hate retrograih's even in samph* bottles. 
.Vlthough ri'trogradalion cannot he stop])ed. nor the chmnical action 
which dett'rmines it, one can in a way juevent it in a had super- 
])hos])hale. To <io this it is sullicieiit to ilry it as conipli‘t<’l\ as 
possibh*. store ii. 'rold, shm-lim the storage, or presei'-e the su|^)er- 
[)lios])haLi‘ iji a tliin la\er in the hrginning h\ spreading it oyu- all 
the available spac*-, extrai'ling the lumps hy silting, or usitig it to 
prepare su})(r])hosphate ot ammonia (IIk* sul])hale ol ammonia 
may hinder retrogradatimij or low strength hUperp!iosplt;ites. [^y 
mixing 10 per cent of w«od sa.\\'dust ot had ipiality \t'ith an Ih per 
cent l\,(> superphosphate whii’h had retrograded l op<a‘ cent, it 
was observed that the phosphoric acid did not H‘trogra,de fmther 
in the low strength manuii' thus piepared. in this (tase tlie 
amount of liipiid contained in the siijici phosphatr, I i ,l’( -i- 11,.() 

lost-10 ]»*‘r cent of its mohiliiN in conseipience ol this ddution. (.)ii 
the other hand, the .-mjierjiho'^ihate was relieved Iniiii its pressure, 
the latter being spri ad over all tlie ballast. It is ch ai tluit this 
rtmiedy ha^limits hut it gives g iod results. 

Ftivv^t'iUhi'i Iif‘lri'iinidiitlull hij^rh/ifhl s Mrlli^d. lo a,scertain 
if a superphosphate is tialde to retrograde, ami ill what nionieiit it^ 
will retrograde, iire points which it is iuijiortant lor the mamiie 
manufacturer to determine. Sehucht has us^-d tor years a method 
wWich gives results agreeing suh-^tiintially with lact;> It is general)) 
verv dillicult lo get iiccess to the lower layi-rs ol a superphosphiite 
hea]). It is, therefore, im])ossihle to them, iind Jlnotlier 

means of control must he lound. This means is sujipiied hy the 
retrogradation indicator about lo he. desci ilied. The ajiijaratus con- 
srsts of a graduated lever a (I'ig. do), on wliich is a movable rminer 
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of If) kg. (33 lb.). This lever is movable upon a point of support 
h, fixed on a fork r. .\ very strong Hat-bottomed porcelain vessel e 
is used to receive the supei'pbpsjjbate, which is compressed by means 
of the plug / fixed on the lev<u'. The operation is conducted «.s 
follows: 100 grins, of superphosphate, are run into the porcelain 
dish with ‘2.J gnus, of hot water, and the mixture crushed with the 
jiestle; the excess of water is expelled on the water hath and the 
vessel is put under the press lilug, which compresses the contents 
of the dish. The a])paratus is ki-jit under pressure for twenty-four 
hours at a temperature of 50 to 70 (i. (122" to hOM E.), water 
soluble phosphoric acid and free ))hosphoric acid are estimated in 
the superpliosjihate, treated as above, after having already made the 
sami^ estimations in the original superphosphate, ify comparing 
the restdts of the two analyses a valuation of the super])hos])hate 
can be made. The ditTerences (:xisting between manufacturing 



localities and in storing in no way influence the accuracy of the 
methoil. If the exact temperature and jiressure he found, they re¬ 
main the same in all cases so long as the raw material is not 
changed. This methoil is far from solving the ipiestion of I'elrograda- 
tion, hut it is interesting, liecause an idea can he gained from it of 
the retrogradation of a given phosphate. Dr. (iruehijg gives the 
results of ex}ierii'ieuts w hich he has made with Hchucht’s apparatus, 
of which the following is a brief summary :— 

1. .\ I’lurida pljosphate. 3.5 ])er emit and 2'52*ol sesijui- 

oxides, when rendereil soluhle gave IH'7 per cent I'.O-, soluble 
in water, and 1-21 of insoluble I'-.O-.. Treated after Schucht’s 
method, under a'pressure of four atmospheres and at a tempera¬ 
ture of.40' ('. (104" F.) (the apparatus being home-made could not 
do better), it contained 18-2 per cent of P.Al. soluhle in water, and 
l-7t) of insoluble I’-.O,-,. .A second Florida phosphate, with 35'y(> 
per cent IhO-, and 2-:i.S per cent sesipiioxides gave immediately 
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after^being rendered soluble. IH‘8 })er cent and 0*H1 in^;olnl)If. 
After Schucht’s treatment it yielded Idd? per cent solnbh- P.O,, 
and 5*02 per cent insoluble, which shQ,ws tlie etliciency of Soluiehrs 
apparatus, that is to say, that the particles of })hosphat<\ iiUitnately 
mixed and pressed hot. sliow an accentuated tendency to »<‘tro- 
grade. 

2. A comparison was made with a superphos])hate stored lioi in 
a large heap. A Florida phosphate with do S ])(n- cent l’..n _. and 
2'Ob per cent of sesejuioxide. was in use. This }>h(>sphatt“. tested 
immediately after being “ dissolvtal,” gave IS -ll) per a-ul 
soluble and FI per cent insoluble. With Schuchl’s niethoil it gavt' 
17’2o per cent soluble IFO-,, and 2'(K) })er cent insolMbie. Tlu‘ 
stored heap showed at the end of a year 17'2H ])er rentand 
FOh per cent insoluhl<\ (Consequently the stored ])hos|)hat>- (U)n- 
lirms the accuracy of Schuchl’s method. Half way down the hea]) 
Fr retrogradation of oniv 0'2I ]K‘r c<*nt occurreil and no reliograda- 
tion had taken ))lace in theup])er portion. 

'■i. .Atiother (‘Xjjeriment was niiuh* with a Florida ])hospha1f‘, 
with 35' t9 ])er cent F.,()-. and 2’20 ])er cent of S(‘S(piioNi<les. \\ \\oi\ 
“ dissohed " it gave IS-pS jx-r ertil of solubH* I’.jO ,. and ODo per 
c‘-nt of insoluble. Schuchl’s nietho*! was ap})lied in three ways, 
using a Schucht's instrument constructed by Kohlei- an<l Martini 
of jierlin. hv which a higher temperature and pressure could l)e 
applird, tlu‘ following being the results; 

(if) Pressure and aveiagr len»))eiatur<‘S as above : 1 atmospTicri's 
pi'cssure at 10 I7'0'd per cent soluble 1 So insoluble ; ihj 

increasi'd ])ressure and averag*- letn])erature: 7 aWiospheies 
pr<.‘ssure at 40 ('.. I(l‘()7 ])er emit soluble ])ht)sp)ialos*and I lM pTr 
cent insolubli*; (e) increased lenqierature and ])ressuie; 7 atmos- 
pheft'S pressnie at 70 (’., Ib'72 per cent soluble ;oid 

per cent insoluble. This siiperpbos]»bale. though jul«-d in a heap 
1(1 ft. liigb. did not relrograd*.- even in its lower part, wbieb Dr. 
(irueber attributes s]iecially to the storing of the sn])eipliospbaLe. 
after coni)>l(‘te cooling, by l)i\ lailjens’ scrajung and cooling ap¬ 
pliance. Tin* fact that tht* cooled su|)erpbos)ibat(‘ did not leliygi iide 
is not sur]).iising, because* as lar back as iH70 the iiiqxulani tact 
was observed in tlx* case of sijpM])lios])}iaO‘s n»nb‘ horn liahn 
phosphorite, very liaide to retrogr:tde, that the iriore raiiidly it wa 
cooled tb(» h.*ss the soluble ])hos])boric acid . re-tiog^adeil. l)r. 
(irueber concludcf> that, in order to :*x]t!ain repogradation, decisive 
resplts will only be obtained by working oti the large scab- with 
superphosi)hates to which different materials have been added. 
With the data so obtained, the treatment of j)hosj)liates emtd Im? 
modified according to their composition and tlu! iiiiiniier in which 
they behave. 

^ Dr. W. Faysan considers retrogradation is a ratlier excejiliorial 
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phononieijoii. IR; Kupports his view hy personal <*x])eriencet with 
Algerian ])hos])hates with 0'5 of sesquioxides, and Peace .River 
Pehhles with 2'n per cent of sesquioxides. The solubility of the 
fii-st was always carried in a constant manner to 0’75 per cent of 
insoluble, that of the second to I per Cent. Ife never found retro- 
gradation in either, even after long storing. Ife considers that in 
valuing phosphates too much inipoi'tance is attached to the per- 
centagi! of sestpiioxides. To prov<^ it he quotes trial mixings he 
made: w ith this end in view. In this case three Tennessee phos¬ 
phates (a), (h) and (c) were used, containing 79 per cent phosphate of 
lime, per cent oxide of iron, and 2'24 per cent of alumina, say a 
total of 4'7i per cent of sesquioxides. The results are given in the 
following table : - 


TABt.H XI,in. -SHOWING CII.V.NGES IN COMPOSITION WHICH TEN-« 
NKSSKE SCPKUPIIOSPH.VI'KS lINDEliGO IN FOUIl AND A HALF 
MONTHS I UOM l),\TE OK M.tKING. 


ICO,,. 

Iii.so1u])Id. 


MixifiDr4 maile, St-pluiulM-r’2, j 
jH'.tK . . . . I 

iSiini[ilu slip* !pltos;- j 

* plmtt', aiiH!>sf4 Nuvuin- ' 
hi'i- 17. Is'.ls . . . I 

Sjiiuplf til' same supf'iplios I 
Ijhiitc, aimivscd Jamiiirv !- 
17. IHUII “ . . ‘.I 


SnIllliK*. Ill.sollllilf. 


Fivi- 

Arid. 


Aij y.. 


AIJK. Fe..O,q. 


o-:mi 

()••->() 


.')■'>() 

1(17 

0-i7 

1 •()-■) 

AAO 

1 L'H 


MH 

O-IO 

0(w 

017 

1-21 

1-20 

(»-.s7 

0-lH 

I -20 

i-:io 

l(ii» 

* 0-_>2 

117 

1-S() 

111 

0-17 

10 

-MH) 

l-OH 

0-i-J 

1-12 

1-SO 

1 -J-J 

(I-IO 

1'12 

A-HO 


(„) •-'•27 
(/,) -J-an 

(, ) MIS 
(e) -J-:!.-, 
(6) 2-:i:i ! 
(,■) 2-:i2 I 
(,q-2-:li) I 
(h) a-aa 
(< i a-IS ! 


Paysan ailds that not being able to ti,ace the cause of r.-trogradation 
to the,ses(piioxi(les, he sought for it elsewhere, and he quotes the 
following case of a deli\a‘ry of h’lorida jihosphate. Tjihe samples 
taken the lirst dt.,y at four dilTeriiM points looked well ; the next day 
fresh sanqiles were taken, this time going further forward than the 
points explored lh« day before: it was then found tha» in certain 
places the phosphate was ilarker than in others, and containerl 
much impuritv. Two samples of this kind, taken at two ditlei;ent 
points, gave the'following ligures :— 

* • a b 

Ver i-i'jit, 1 er cent. 

71-'.I7 64'ij.5 

.s-S.') I'.VOO • 


Phosplmte of linio 
Sand . 
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average sain]>le of llio whole cargo gave the following 
analysis. Fhosj)hate of lime 77'7.‘h oxide gf iron and alumina *J-ld 
percent. The })un* phos;})hale hehavwd in a normal fasliii^n. In 
\v(5l-king it dissolves comjiletely arul gives no relrogradiinon. l)ut 
when mixed with the im]>uro.])ail relrogradalion look place rapidly. 
1'52 to 2T4 ]H‘r ctmlof insoluhle was ohiaiiual again''i O To wiihtht' 
pure superphosphate. This exani]*le wt*ll exjilaijis contmdiclions 
and obscure ])oints. l^ut l>r. Paysan doi's not admit the eHeel of 
])ressure in llie (piesiion of relrogradalion. lie has ofleti remarketl 
a tendency to retrograde in su])er)>hosphali‘s as soon as iIu n have 
gone through Carr’s disintegiator. He iloes not ascribe uaii- 
scendent merit to i>r. lailjens’ ]>rocesses. H»‘ regard:* (hem as 
elegant and useful auxiliaries in sup('rphos]»hale man\il:fetnre^hnt 
which do not dispense with ])assing the manurt' thiongh Carr’s 
disintegiator. .A 2d )»er cent s()luble phos))haie. sa\ ])hosphoiie 
^acid ll’ld ])er cent, is the eurriml Piitish make of solubk- phos- 
])hate. A 12 ))er emit Somme will giv(‘ a ‘M) per ceiil sohihh* 
]>hosphaie which will bear an addilitm of cwl. of gypsum lo l^e 
ton to bring it down lo 2d pei emit if the superphosphate is dis- 
patch(*d as soon as made. ()r the gy])suni ma^' be partiull\ replaced 
i)V a little Ih'lgian ))hos)>hale. Hut in Hritain it is no! considered 
goorl business jxilicv to add a nitrogenous manure like lione dust to 
a superphosphate, an<l the t<‘iulency ot lie* workmen is a!wa\s to 
use f.ir more hone dust th.i.i; that in the formula, tor reasons wliTidi 
will b(* readily a])]n‘ecialed ; thi' result being that wlien it conn's to 
stocktaking tin- leakage (<f I'one meal and hone dust is t-xeessivel) 
larg(‘. What the iranslaU). cannot understand is the magical effect 
of 1 U ])er (jent of boneilust. say one-lijth ot a cwl..*i.e. 22 lb. fo 
the ton. If the superphosphate was very damp suc.h a pinch of 
bone meal would be a drop in the oc* an ; per cent o( raw (iaisa 
phosphate can In* umli'islooil. It will readily he wen that only by 
strict l)Ook-kee)>ing by douhh* entry can the amount of phosphate 
and bone dust used as driers he controlled. 1'he translator lears 
the author is somewhat over-s;)nguine as to the ellicac.y ol some oi 
the drying machines and grinding machines which he des^nibes. 
It a})])i*ars Vj tbe former that if a manure will dry naluralls. as it 
should do. these machines an* not'.>o in<lispensabk*as would be in¬ 
ferred, and when* the manure will not dry naturally one may be^ 
pardoned horn doubting if the machines are (pi.di: so ('fhn*icious as 
one is led to believe. , 

JiusiHun ulikh SupcrphxsphiiU'a are Suhi- -In the beginning of 
the su))erpbosphate industry. sui»er])bos])bates we-r?* sold ac<;onliiig 
lo their pt*rcentagi! of jihospliate ol limg soluble in wat<'i*. Hut 
there were disputes hgwei'ii buyers and s«‘llers. the former not 
linding the strength given them hy tin; latter. A ]K)rtion of the* 
[ihosphale had become insoluhle on delivery. The Jh itish were tlie 
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first to determine that the part of the phosphate originally scjluhle 
in water, and at the end of a certain time was no longer so,«w'as, 
however, solulile in weak reagents, such as carbonate of soda or oxa¬ 
late of ammonia, whilst the phosphate, originally insoluble, did not 
dissolve appreciably in these reagents. At lirst it was thought that 
this )iliosphate which ISritish chemists called “ reduced ” phosjdiate 
Imt now term retrograde phos])hate, was formed by the actioi 
of the monocalcic jdiosphaU! on the tricalcic phos))hate producinj. 
an internudiate hicaleic ithosphate. Such, at least, was the curren 
<'xplanatioii twenty years ago. J?e that as it may, manufactureis 
have got over the dilliculty, not by improving their manufacture 
hut by altf'ring the basis of sale of superphosphates, i.e. by selhm 
tbeih according to tbeii' content ))erc(mt of phosjjboi'icacid solubli 
in cold alkaliiK^ ammonium citrate^ which they term assiniilabb 
phosjiboric acid. This method of sale is evidently very convenieni 
for the manufacturer, and enables the works chendst to cease fron 
woriyiiig over I'etiogradation whether it arises from bad manufac 
tu-e or the presence of imjairities in the raw phosjdiati’s. 

Now, as Mr. .1. ,l()lfre observes: “When a superjibosphate i> 
licateil wilb citrate of amniotda for th(! ])m'pose of analysis, botl 
the citrate soluble ))bos))horic aci<l, and the watei' soluble ])bosphori( 
acid, enter into solution simultaneously. It results that when tin 
analysis is madi: by the citiaUi method (without a se])ai'ate estima 
tion ,of the pbos))fioric aci<l soluble in water) there are confuse< 
together both the phosphoric acid soluble in watei', of great fertiliz 
ing value, and the )ibos|ihorie acid combined with iron, which ha- 
bpt very'little. 'I'he citrate method is, therefoi'e. uncertain. Tin 
results may rejireseut products w hich are very good for |ilants if the\ 
consist of monocalcic phosphate or free phosphoric acid which art 
rlissolveil in this reagent. They may, on the other hand, represen 
stdislauces which only have a very mediocre action, if they art 
phos))hates of iron, calleil retrograde ]ihosphates, w hich have ]iasset 
into solution. .Analysts ought, therefore, to give Jireference tc 
estimating by the solubility in water tts in (Ireat Britain, (itirmany 
and the I'niteil States. They ought, at least, to estimate separatelv 
the portitin solidilc in water anti likewise separateU^ the citratt 
soluble." 

. It is now admit'ed, however, that there is no great difference 
from a fertdiz.ing point of view between the water sofuhle phos- 
jihoric acitl and the •citrate soluble. There is, however, a sharp 
line of ili'marcstion between the two protlucts ; the lirst is im¬ 
mediately assimilable by jilants, the second is rendered soluble and 
assimilTited in the soil to the same extent as the phosphoric acid 
in liasic slag. But that being the case there is no occasion for the 
difference in juice between the selling price of superjihosjihates 
(supjiosing them to he jiartially retrograded since they are sold as 
such) and Imsic slag. 'Now this dilTerencc' is considerable. On 
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1 January, 1009, for l>asic slu-; at Paris stations tho |nici' of iho unit 
of plipsphoric acid in basic shi^'and snjun-pliosjJnUos was (‘xacll) in 
the ratio of 3 to -1. whicfi makes the ]f!iosplioric acid in iclio^n-adc 
pli^)sphales 25 per cent dearer than the citrate solidile ]»lK)spliorie 
acid of l)asic sla*;. It is asserted, it is true, tliat if retro^radation 
has not already occurred in ihi* supei pliosjdiate hefon‘ spreadin*.: il 
occurs rapidly in tlie s(ul. Tlie validity of this assertion will ht* 
examined later on in^nvin^' Dr. P. Warmer's ojiinion mi the matlt'r. 
In (rermany super])hosphales are sold aeconiin^ to their eontmit 
per cent of water soluble jihosphoiic aeid, llu* citrate soluble not 
bein>r taken into consiileration. Now. in siijierphosphali's conlaiti- 
itij' 1 ]ie‘r cent of insoluble phosphoi ie acid, ibis latter beiii;' Cwo-l birds 
soluble in w.iter. the manufaclmei is piejudieed to that «‘Xtenl.« In 
Spain and in the Medileraiineaii re;^ions the eustoins are the same 
^i.s in Pranei'. In Ausi i ia-l lun^eiiA tuisloms vary with (be localities : 
iti some parts sup«’rphospha('‘s ar<' sold acconliii;; to tbuir eonii'iit 
of water soluble phospluii ie aeid. in ollu'i’s aeeoni ilo t li<‘ir eimtmt) 
of citrate soluble. It is lb'-"ame in Pnssia. I n .\meriea. sales a*-e 
also bas*'<l on llm ciliatc solubli' which enables nia.niilaelin-ers lo 
Work low-i:radf plins])hal*-s with a liii^li pereeiita;,.;*' ol s<‘sipi)(‘\iil<‘s. 
At jiresenl (iermaiiv manulaet ut i s moi’u clirmieal iiia mires iban any 
other <anintr\ in I’esponse lo the iiiereasiti;^ demands ol a;^'rieiilline. 

/Ve-.s’/i/m.'M' Miiiiiri's hn Iiu-ii Ifo niiir liisolnhL' m Ihr S“il 
The beiieliis of emiclii 11 ;.' tb-' ■'oi! ill |ib<'spboric aeid lia- soni''tptirs 
been questioni'd ('ll tile ^^luiiiid lhal phosphalic manuifs become 
insoluble HI tl.e -oil, and eons.-tiuentl_\ iiiaetive in a jienod ol time 
\'aryine' from one to ibii e \eai-. 'I'liis olijecaion bas^bei^i relute^i 
bv Dr. Waeiier. If supevpho-pliale or basic slac hi* bin led and the 
soil lie left to i(-el( witlioui lilliit^iit or suwin;^ it. wba.l happens? 
The r<‘sult will be that the ram, liltei’iiie ihroui^h the layrof soil, 
will insensibU dissop e t be pilospboric a<a<l ol the supei ]iliospliale and 
lh(‘ basic s|ae. and will ti'an-poit ii always a. little turtlier into the 
subsoil, wlieie it comes in contact with oxides ol iron, alumina, and 
lime. 11 will combine with tlie^’ oxid»-s, lormin;^ less and less soluble 
com))ounds, to pass linalU aln i lifly or a liuii<in-d yeais ])ei»liups. 
one dot.’S n<)^ know exactlw to a'mosi (he same slate ol insolubility 
as the phosphoric acid c<)nlained in ’ibe mineials in the soil. 

“ Tliis iiansformation w ill teipiire a very coiisideiabb' lime. It 
is also certain that in a (aillivated soil, tilled, sown, and manuied, 
the proci'sses of solulioti unceasine|y opposi- tb?- fejuieiicy to become 
insoluble; the cultivale<l soil opposes the contiaivvine. ibal ol be- 
comine solubb'. The humic aci<l, the c.aibonic acid, the niiiate ol 
soda, the roots of jilants, fun;?i, bacteria, rtie circulation ol a^i and 
moisture, are constant ai^ents ol activity which do not allow the 
soluble phosphoiic acid to ('ome to rest. As soon as piecijiilated 
plTosphates are formed in the soil with a portion ol the ])bos)jhoii<; 
acid, whether from superphosphates or basift sla*^, th(! agents in the 
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soil just enumf;ratecl exert their solvent action and bring bacjj the 
phosphoric acid to iIjc soluble state, the lime, alumina, and oxide of 
iron repreci)>itate it again iy ]>art, the agents in the soil bring it 
hack unceasingly to the solulde state, and soon. The phosphofic 
aeid, therefore, is not at rest in th(; soil; it passes from one state 
of coml)ination into another; it unites to one elenamt for a ileeting 
union and (juits it to uniU; to another element to form a union quite 
as eph(;nierai, for the agents of combination and solution contained 
in tlie soil ar(? engagc'd in an incessant struggle to sei/e and carry 
away the })hos]>horic acid for tliemselves; sometimes it is the one, 
sometimes the otln-r, that rtnnove it in a transitory fashion. But 
the pfiosjxhoric acid retains its instability. The more* intensive the 
cultyre, tile more th(‘ soil is jerated, rich in humus, the more 
abundant tlie manuring with nitrate, ammoniacal and potash salts, 
the deejx'r the? tilth, tfa^ heavier the crops, the less chance has the 
phosphoric acid in excess entrusted to tin* soil of ])assing to the- 
insolidde state, at least in large enough amount to occasion tears as 
to its action.” 

In sup])Oit of thesii argunumts Wagner relates the results he 
ohtaine<l witfi ex])(?rinfents on l)asic slag on a meadow, ])Oorin |>hos- 
phoric acid, which yielded only about 14^ tons of hay ]>('r hectare? 
(12 cwt. ]HM- acre). A series of ])lots received SCO kilos of basic slag 
per hectare, i.e. 704 lb. pei- acne on dO C)ctober. ISMt). another series 
relnained unmanureil. As an auxiliary manure the same amount 
of kfiinit was a])])lied each year. The phosphatic inanur(‘ was not 
renew(‘d. The HOO kg. of basic slag per hectare' (704 Ih. per acre) 
ayiplied r^nce. have ]noduced : 

i 

TAIUiK XI-IV.—StlOWiN(4 FOIt A StX’CK^SlON 01' YKAKS THK IN- 
CUKASK IN HAY I’KOM UNK ATI-LlCATlON OF BASIC SJ,AG TO 
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The manuiAng with 800 kg. per hectare (704 Ih. per acre) of 
basic .slag, once applied, continued to act during nine consecu¬ 
tive years, and pixxluced during this interval an increase of 13,8^0 
metric tons of hay per hectare, say 5 tons 12 cwt. per acre. In this- 
experiment it is evident that the basic slag has not lx‘en rendei'ed 
insoluble, and tlie resevve of manure entrusted to the soil has heeu 
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fulK» iiv.iilahtc. It yot's williotit siiyiiif; tlmt tliis f\|H'i'iin(‘iil. Iiy 
iteeij alone, ouylit to lUToicl in-iti iietion tiilunv a plios]ili:i(i' inanuic 
once applied lieliaves in its restoiatiw action, for to entrust a soil 
with a reserve of niaiiure, aial to allow this nrimire to act foi' nine 
years without restoring,' the amount consumed hy veeelalion, is a 
'very severe test : inoreovcr, otlmr expcriinimts in ililVcrenl diicctions 
ha\V shown that a yearly application of manure still fni ihcr inercases 
the yield, tt is hardly sound or logical reasoning, however, to 
assume that the action of hasic slap in the soil is the same as that 
of superphosphate. This meadow possibly was sour and wauled 
lini<'. which hasic slap siqiplied. I’ait ol a io-acie held was limed, 
then planled with Scots )iine ; the ))asturi> under tie- tiles on the 

111 .. portion was easily dilTerentiated hy its excellent cpialily tlUo .0(1 

\'(-ars afteiavards from the almost hare nnlinied portion. 

llr. Edward -lohn llnssell in a ])aper on artilicial fcillli.ters ' 
'pives the followinp lipnres showinp the iniiirovenmni in llie com¬ 
position of su])erphosphate due to the use ol richer mineral jilios- 

)ihales : • 
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Thf jiiodnclion uf )»h()sjihal«‘ in innliic. tons in to 

IlUO is ;^nvrn hv tlic Insliliilr Intrrnationali- d’\; j:j icnitiin-. Unnn-, 
as I'olknvs ; — 
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The lii'ures for the Ciiited Kinpdoni are estimated, since leliahio 

data are"^ not availahle. ..nithorilies estimate it at over 

1.000,000 tons. 

’“.Jtjar. Sue. (.'hpio. Intll.,'' 1!I17, Ji. P70. 
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CJIAI-THR VIII. 

COMI'OCNO MANI UKS. 

M(tniiJ)u:li^rc, .V/./vv/ Maniin ':>.—The iiKinin(;s ‘^'(•nerally used tor 
.adnnxtur<5 with sujxMpliospliate's ai-e renivian j^uatio, hone dust, 
siilpliate of aininonia, and nitrate of soda, hut tlie Peruvian ^uano 
•dispatche<l from the localities of ]>roduction now is inucli less rich in 
riitro^aui than that iniport(,‘d in thi; ])ast. Its ])lace is taken hy 
sul[)}iat(‘ of ammonia, ^noutul hoin. diied blood, diied meat, etc. 
■Huper})hosphate of |)otash is also ])r(‘])ared. Th(t mixing is done 
as" much as possible after the ])hos])hate is dissolved. Mixiiie is 
not done in tlje dry ■itate, exce]»t when it (cannot be ptnfornied 
'iOtherwise. 

In tlie wet mixitie of com})ound manui’es wb(*re such ihiiif^^s as 
sulphat(i of ammonia, meat meal, lish euano, bom* nusil, kainit, 
shoddy, (‘tc.. eo up the cups, retro'^radation is h-ss marked. Tlu* 
otliei ineicdionts a])])art‘ntl\, at least, retard ret reread at ion, if th(‘V 
<lo not j)r(!vent it to a ereat (‘xtetU. .V dO )K‘r cent soluble ])hosphat<‘ 
which ret|;o^raded d to -1 ])er t;ent in a h‘W months when drv mixed, 
sc as to ;fiv ' 20 per cent soluhle phos])hat(‘s and 7'0 per cimt 
ammotna, maintained that composition exactly for sevrral months 
in a 2b() ton lieap. It is bett»‘r to us(‘ up su])<‘rphosj)hales with such 
a ma) k(‘d Uniderutv to rt'troerade iti tlu* making ctf wet mixirj^ com¬ 
pound nmnui'i's. 

Hand labour Is tlie Ix'st for this kind of work. The mateiials, 
previously weielual and siftial, an' made into a 2 ton hea]) hy means 
of a liarrow capahh* of lioldin^^ 100 kilos (2 cwt.). To tuin the 
matter jiroptsriy tlu* shovi'l is [iluneed into it vi'itically, so as to mix 
it, th('n afU'r having sifted it, it 's made into a hea]) in tlu' inverse 
order, that is to say. hy lifting' it from the jj^round to throw on to 
the middle cf the heap. 

The following" ex])lanalion will make tliis |)laiiier:- 

Take a 10 ton mixinj^' according' to tlu' followin^^ tormula 

7’mu.s. Cu-ta. 

7 10 

- 1 JO 

10 
10 


lA (uvt. suporpliOKplniti' 

cwt. suiplmtc uf ammoiiiji 
1 I'Wt. Iioue . . . . 

1 invt. uuiiiatc i)f |H)lash . 

(Ud) 
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ail ihe 7i tons of supfiphospliatt* woiiKl In- laid down in a 
hoapivnd accurately levelled, then tlie 1J toits ot sulj)hat<“ of ammonia 
would be spread uniformly over the bMclled tojt of th** heap, ilu-n 
xh^ \ ton of bone meal uniformly over that, then the muriati* over 
that. Then a screen with two men would be placetl at one* end of 
it and a man to ^'ei the stutV for th(*m, that is Iw di^^^in*; down the 
heap vertically and mixing' it for the two men to sliovel it throu^'h 
a k inch or 1 inch screen. When this first screening is done the 
inalerial is screened lhrou;.;h in tlu* I'everst* dir<‘ction. but this linu' 
through a ] inch sitwe. If the hea}> has been laid down an\ihin;t 
like proporlionat('ly and uniformly, samples taken from^any point 
will a^ree in analysis in a manm-r that those who have n<it seen it 
done would hardlv cr(.‘dit. ll the 7i tons (*f super])h(Kphale t\<-re 
taken from the sup<‘rphos{)hale heap, it the loieman lias a eood 
pfor hulk ami wcij^du, there need l)e no maa'ssity to wcieji thi- 71 
tons; he can tell to a nicety its hulk. 

The British manure manufacturer works in iwvls. (o (ht* ton. 
ihu" a vtay easy calculation shows that ‘S j ewts. of sulphate of arti- 
inotiia (of ])er cent. N| to the ton mixing, ^ives‘.t pei' «-enl of 
niiroi^eii iii the m'xin;;; a similar easy calculation slu)ws II | ewts. 
f)f superpliosphat<‘ with do per «“eni ot soluble j)hospiiate to the ton 
mixinti, f^ives as neat as nia\ Ik* l'd lil7 per cent of soluble phos- 
nhate iti the mixing', and !h'bl7 of solnbli* phos]>hat< is etpialdo 
II per cent of soluble ])hos])}ioric acid (1) x ii'ISd). • 

These manipulations are soiiH-times rather unpleasant, sueh as 
the diseneaeeiiient of dust. otc.. tteveitheless they form the best, 
ini'lhod of mixine. The materials so mixed aie after^vaiTls passul 
through a ('arr’s disinteerj»to! or tliiout'h the toothed crnsluM-, a very 
homogeneous mixture heine thus (jhtained. Imat materials should 
d possible he avoided in lhes<‘ mixings. By mixing hieh stieneth 
•‘Uper])hos])hales with low strength su|M‘r)iliosphalcs common sorts 
can he mad«' without recourse to itiert materials, sand, piaster, etc. 

In mixing', however, it i'^ often impossible to a\oid the use of 
ev])sutti. the mote so a.s it dri'*s ihe manun*an<l eels the (-(ne throiieh 
the screen. To eet the eon* in this e.ase throijeh the screed with 
Ijone <hisl w^ouhl he a waste of money, as a^ijiarij^iliy tio value is 
ailach(‘d to insoluble ])li(isphate. Sup])Osme the siijK-rpliospliate 
u-ed tests in this (;ase dK ])ei’ cent. f)f soluble plR)s)>hale, 4 l is a (;ie:ir 
case for llu* addition of evjjsimi instea<l of usine two e,ades of sup«*i - 
phosphalt*. Moreover, a manure of this nature with m-ither potash 
t)or*hone meal would have no hackhom*. • 

.hniiKiiiintcd .S//prrp/e>.s/»//(//r. -Aithoni^h the composition of 
this manure is vf.*rv variable, thr* most usual streni'ili heinep;d, 
o : Ifl. or b : 12. tlie'tirst figure indicatin^ulie percentuf'c of nitrot'en, 
the second the percentage of soluble phos})horic acid, tins manure 
is tn -^rcat esteem. It is analogous to disso]veii Beriivian euano to 
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which farmers arc accusiomcd. Moreover, it ])reserjts the advai.ta^e, 
ifiat its acid retroj^rado; less easily in the soil tlmn that of, pure 
RUfxu-jjhoHphate, S(!ein^' that vhe sulphuric acid combines first with 
the bases which it encounU;rs in arable land. The mixture of su^fer- 
yjhosphate with sulphate of ammorjia is easily made. Sul))hate of 
ammonia is delivered in a finely ^nound ^rranular condition. It 
contains 24’0 }ier cent of NH.j ^ 2()'2 per cent N and about I ])er 
C(uit of moisture, which is an advanta^'e for the manufacturer, for 
the mixtures *d ; 1) have to he <leliv(ued witli a maximum of h to 7 
per cernt of moisture, those of 5 : 10 with a maximum of -S to 0 of 
moisture, in order to obviate the formation of lumps in the sacks. 
To obtain'very homogeneous arnmoniated super])hosphate the sul- 
phafrt of ammoniii is added durlnj' tlie “ dissolving” of tlie super¬ 
phosphate by dissolving' this salt in tin; sulphuric acid use<l to 
decompose the snj)er))hos])haU‘, hut this method of ])roceedinj; is 
not ap])licahle except with small amounts of sulphate of ammonia ; 
with larj^e amounts it shoukl he mixed later. 

' 'file process j'eiierallv usesl in making' ainm(jniate<l su]M‘r])hos- 
))fiate is n,s follows ; The dry super))lK)S])hate and sulphate d<‘livored 
in 10 ton wa^'ons, l)eiii^ stored and analysed, the amount ol 
super]»hoHphate and sulphate required to ‘,^ive a mixture of 0 ; 0 
has to he calcvdated. Su])pose that tlu; sulphatr; of amniouiiu 
contains ^O'T) N, then 20'5 k^'. correspond to 100 k^e (NlU).St)^. 
loo 0 

0 k^,'. correspond therefoie to ^ 12 k;^ There 


remains then for th»‘ superphosphate 100 — 12 ~ oS k;^'. These 
.'>S k^'. of su]M‘rphosphat(‘ must contain 0 k;^. of soluhh‘ phosphoric 

• til 1 10(f X !) , . 

acid, winch em respouds to lo'o ])er cent ol phosphoric 

acid, d’o make tfie mixtuie the 10 metric tons of sulphate of 
ammonia are lai«.l in a hea]) -Id ft. lon^' and on each hea]) ilu; 
necessary portion of sup<'rplios])hat(* to the total of Id’Sl metric 
tons, d'wo labourers mix the two with th(‘ shovel, making the 
whoh; into om* lieap and recommence the same in an inverse direc¬ 
tion. The mixture is then pasm-rl thrruj^'h (’air’s disintt'^uator or 
tin* tootlu*d erush<*r, alter which it is laid on a hi;' h<*a]> in the 
W'arehouse for the in^'n'diimts to combine. 

Mixtma of supm'phospliate and sulphate of ammonia exhibit 
)>henomena of a )K*euliar imture. They ;'radually heat and h(‘come 
damp to the touch : (hey dry a^'alri. and. owing to the formation of 
gypHum, they hanU'U more and more. The reaction lasts for a 
variable time. It depends on the nature of the super)>hosj)hate and 
its inaniu'r of manufacture, and may end in fifteen days, when the 
mass is in a larg<‘ l\eap, and exposed to a certain pressure. Am- 
moniated super])hosphate forms a liard, sometimes rocky mass, the 
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hatuliin^ of which i?; expensive. l)ut in oilier In ])ivveni it setlinj" 
too hill'd 1 to 2 cwis. of hone meal may l)e^added in each ton which 
keeps it open and friable. It is cnisljial by Carr’s tlisinte^rator, is 
|)}frsed throuj^di the sieve, and l)a>;>ied u]> immedialt‘lv afterwards, 
tor it does not solidify aj^ain if inaile in a )>roper manner. To 
iiminisli the iiardenin^' as much as ]>ossihl«'. sand, or l>elU‘r 
?till, ])Owdered peat, sawdust, wool dust, or ehimiu*v soot may be 
idded. and in lh<* second ]>Iace. immediate saturation of the 
uilphate of lime by the aildiiion of a litti(‘ waii'i'. The second 
^rindin^' is therefore necessary to etVecl the jierfee.V mixing of tlie 
,wo inj.;redients. In fact, if the substance lie analvse<l after the 1’n sl 
naishin^', tliere may i)erha]»s be found S S jier cent of pbosphorio 
icid and 9 2 ])er cent of nilro;;en. to;;(‘ther IS per cent, liut^afler 
he second crushing the product uniformly shows it jier cent of 
ihosphorio acid and 9 p: r cent of nitroLfcn. A similar mclliod 
)f calculation selves, equally, for all tin' mi\in;,'s. thus for am- 
noniatisl superphosjihate o : 10. I'oi- jOO of mixture, talo' 


‘2-1-1 of stiljdiate of ammonia of 2(t'ri jier c<*nl 


i\. and 
100 X JO 
To'b 


eonse<|Ueniiy 7-Tti kL.n ol sujH'r^ihospliale ('oiitainin;^ 
: ld'2 per (-enl ])lio>])lu)ric aci<l. If a wa^on ef It) 


tons of sul|)hate of ammonia is to he used. 11 tons of the niiNt;ir<‘ 
will he ol>taini‘d ol tin* o . 10 mixture, I'etjuiriri;.^ eonse(juenl4\ dl 
tons ol supeijiliosjihatix ll i< easy to hiin<.f the siipeiplios|)hate 
to the lij^ht strength l>y diluting.; a hij.;h-slren^ali siipernliosphale 
with a lo\s-stien<^lh su])erp}uis])hale or with ■fvp''Um fye from ii'op, 
alumina, and carlionale •<)! lime, or enriehin;.; a. poor superphos¬ 
phate willi a I leh superphospliate, or willi a {bjiihle siipei phosphate. 

Siijii-rjilifSiilKilc tr'ilh Ai/n/niiiid. tniil I'nlusli ,S'u//,\-. 

This mechanical mixture of sulpljate of ammonia and potash salts 
with superphosjiliate is prepared in a similar niatuie)', Suppose 
it is desired to ])repare a inixtlire of Oiis nature conlainin;; o jier 
Cent of nilroern. T’o ]>er cfui of potash, and 9 ]»er lamt of )»!iosphone. 
acid, and that the iii^^Vedieiits to he iis^d foi- itie piirpowe ale 
sulj)haie of'aminonia will) 2t)o X. and potash salts with d7 p<‘r 
cent K. To prodma- 100 k;:. of si’cli a mixture if would therefore 
he necessap to use : 


100 X ■) 

2tto 


- 24-4 k-. 


of sul]that'‘ of ammonia. 


100 X 7 A 
:-i7 0 ' 


20'd k:^. of potash salt, and consi-yneiitly 


100 X 9 

.oo-;( 


oo'd ke. of Huperpbos))bat*- lestine. 
lb-27 jier cent of jihosjiboric acid. 
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TABLE XI>V.—NL'MBEU OK CWTH. REQUIRED IN A 3 TON MIXING, 
OR OF TONS IN A 100 TON MIXING OF A SUFERrHOSI'HATE OF 
A GIVEN STRENGTH* IN I’.,0, TO I’RODUCE A MANURE OF A 
GIVEN STRENGTH IN I‘.,Ot. ‘ 


; IV >5 ill 
till' Siijjer* 

liliosphato. 


iti tliu'Mixinro. 


•S-U t'O U S ; ‘fp Pju n-'' 11 U 12 0 14\S )4S* l.'.O 


ir,-! r,H-2H oH-UarPl-m) *)-PmU i\rrr, 00-22 7h-14 7H-7U 7;)-47: 

l'7-2 57'iK) r,M-.>0 r,U-2l 04-0M(i.rlJ} 05-ur> 77-04 7K-2U 7 k-1*0: 

15-0 ’r>2-71 58-17 58-02 04-04 04-71 05-:-i0 77-15 77-70 78-45 

i 15-4 5X-15 57-80 58-45 05-(;5:04-2 k i;4-U4 70-05 77-27 77-05' 

15*5 150-78 57-42 58-00 05-25 05-87 04-52 70-14 70-78 77-45: 

15-0 50-41 57-00,57-00 02-82 05-40 04-10 75-05 70-28 70-05i 

15-7 '50-00 50-00'57-52 02-41 05-05 05-00 75-10 75-78 70-45 

15-8 :55-00 50-52;50-00 02-01,02-05 05-28 74-0,7 75-50 75-07' 

15-0 155-55 55-08 50-50 01 -05 02-20 0,2-00 74-22 74-h4 75-48 

10-0 '55-00 55-05 50-24 0,1 •25'01-87 02-50 75-75 74-57 75-01 

,10-1 154-07 55-20 55-00 OO-87'Ol -10 1)2-12 75-50 75-01 74-54- 

10-2 ;54-55 54-00 55-55 00-40 01-10 01-75 72-85 75-45 74-08 

10-5 ;55-00 54-0,lj55-2\ 0,0-12 00-75 01-55 72-10 15-00 75-0,2: 

10-4 ^55-0,7 54-28 54-88 50-75 00-57 00-08 71-00 72-50 75-18 

10,-5 '55-55 55-04 54-51 50-58:50-00 00-00 71-52 72-11 72-75^ 

I 10,0, 155-02 55-02 54-21 50-05 50-0,4 00-2171-00 71-08 72-50 

10-7 52-70 55-50,55-80 58-0,8 50-->8 50-8k 70-0,0, 71 -25 71-80, 

io.-8 52-58 52-08:55-57 58-55’58-02 50-55 70-25 70-81 71-41; 

lO-'.l 52-07 •52-O0’55-2557-0 h58-5550-1700-727O-41 71-01; ' 

I 17-0 51-77 52-50:52-04 57-05 58-2 1 58-85 0,0-42 70-00 70-0.0^ 

I 17-1 51-4052-O5;52-0257-51 57-8t)58-4800-(H 0,0-5870-181 , 

• ^17-2 ."fi -17 5,1 -75'52-52 50, 08 57 55 58-15 0,8-01 0,0-1 m 0,0-77 80,-00, 80,-01 s7-22 

17-5 50-88 ol -45 52-02 50,-05 57-25 57-81 i;8-2;» 08-70 0'0-57 85-57 80,-l 1 80,-72 

17-1 50-58 51-10:51-72 50,-52 50-00 57-18 07-82 0,8-50 1,8-08 85-07 85-05 80-22 

17-5 5O-2'0 50-m7'51-42 50,-01 50-57 57-15 0,7-11 08 00 0,8-5881-50 85-15 85-7-2 

17-«; 50-05 50-58 51 -25 55-08 50-21 50 8-_> 07-05 07 01 08-10 H4-l(» 84-07 85-25 

17-7 40-72 50-28 50-81 55-57 55-05 50-10 0,0,-07 07-22 0,7-70:85-0,2 84-18 81-7 I 

17-8 40-11 50-00-’O-.'fO, 55-105 55-02 50-I s 00-50 00,-84 07-42 85-10 85-71 84 -28 

17- 1» 10-10, 40-721-50-27 54-74 55-50 55 -80 0,5-02 00-40, 0,7-04 82-08 85-2185-70 

18- 0 48-80 40,-44 40-80 51-4151-00 55-55 0,5-55 00,-10 0,0-07 82-22 82-77 85-55 

18-1 48-02 10-17 40-72 5 l-l 1 5 l-f;0 55-25 0,5-10 0,5-75 0,(>-50 8l-77 82-51 82-s7 

18-2’ 48-55 48-00 10-11 55-84 54-50 51-01 0,1-85 05-57 0,5 04 81-52 81-87 82-41 

18-5 18-08 48-05 10-17 55-55 51-00 51-0,4 01-48 0,5-01 0,5-57 SO-H? 8|-ll 81-00, 

18-4 47-85 18-:(8 18-01 55-20 55-8('» 51-50, 0,4-15 04-(‘,8 0,5-22 80-4 1 80-07 81-55 

18-5 I7--50 48-10 18-0,4 52-07 -55-51 54-(05 0,5-78 01-51 0,1-80, 80-00 80-54 8l-08 

lH-0, 17-32 47-85 lo'-OO 52-0,0 55-22 55-70 05-45 05-07 0,4-.52 70-5>i‘80-l 1 80-00 

18-7 47-07 17-00 48-12 52-41 52-04 -55-48 05-11 05-05 04-lH 70-10 70-0,0 80-25 

18-8 40-80 47-54 47->?0 -52-12 52-05 55-10 0,2-70, 05-28 05-85 78-78 70-25 70-70 

J8 0 40-50 47-|>0 47-ill 51-8 I 52-57 •52-tM) 02-45 0,2-05 05-40 78-50 78-85 70 50 


Ten tons of the sulphate of ammonia used would therefore ‘<ive 
41 tons of the com])ound manure. It wo\ild thus he^ necessary tO’ 
use 31 tons of potash salt plus super])hosphate, or 8’4 tons of the 
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lirstjiarn] ‘22‘0 of the socoiul. These niixeil manmes fuul lui oiillet 
chiefly ill regions where the vine, tohacco. tlie hop, and vegt'tahles 
for preserves are cultivated. Tliey ly e likt‘wise estt'emed for tlie 
cifitiire of the sugar beet, liarley, and ])Otatoes. Mixtures of super- 
phosphate and potash salts l)econie i<‘adily moist in the store, for 
wliich reason it is not safe to prepart* tliem a long linu' in advance. 
Th(‘ use of calcined salts prepared from tin* waste t)f polasli 
factories sutler from tlie drawback that they nearly always contain 
magnesium chloride. Wlu'U they are dried witli )>ri‘eaution at 
100 ('. they are exem])t from basic magnesium compounds. The 
retrognidation of tin* soluble jdiosphoric acid in mixed manuo's 
under llu; action of the basic salts lias been studiial by limimaling 
following results of culture eX]ierimenls tlu-reon. Uy treatin'/salts 
of potash in the reverheratoi-y furnace to partial fusion, about SOO (’. 
(1472 F.). the magnesium chioridt* which they contain is decom- 
^posed in the moist comlilion as follows: 

Mg('l, + lid) MgOlK’l + llCi 

according to the e<|ualion. 

('a!r,(FO.,), + MgO ■ ('aMgH,(l^),), + Hd>. 

a molecule <4' magnesi i as MgiOlI).^, MgOilCl. or Mgt'l,,, ads like 
Mg.) ami may cause the retrogradation of a molecule of ]>hos])horic 
acid, from which it follows that one part of MgO cai* render >5r> 
parts of ]»hosph(}ric a(tid insoluble. If one use. for<'\ample, twVnty- 
nine parts of potash salts \sitli 2 (1’) jier cent of fr«‘e magnesia, the 

-- ll'ot) ])art Mg() •'Ullices It) combine (i r/.l 2 (j!) 

])arts of )ihos])horic aiml ; but as an a«;lu:il tact, onl\ I • I of insoluble 
was obtained, which ^noves that the magnesia di<l not exmt its 
lull action. The cause is to be traced to (he slight solubilitv fit 
magiH'sia. and in the lact that the salts ot potash combine paitially 
with the ])n‘cipitate foiine<l, so that a i>art oi (he phosphoric, acid 
of this latter remains in solution. 

\'ih>tli(l riiosiiltdir * 'I’he use of nitrate of soda m <-mnj)outid 
manmes is*iather restricted : it is used in making nitrated phos¬ 
phate. sometimes in nilialed pho'^'liale of ammofila. It is fouml 
that nitrate of smla and sulphate of ammonia are incom))alihh 
and that ft) fact it is heUei- to us<! tliese manures*separately, 
l>esides. mixtures of su)ier})hosphat<' and nitrate sometimes enter 
imp spontaneous cf)ml)nslion in the hags. Wlien manure con¬ 
taining nitrate takes tire s))Oiilaneously in the hags, however, it is 
not a case of damp or wet su})erphosplnite. nor is it a fase of 
impure nitrate; IjuI it is due wholly and soh-ly to the superphos¬ 
phate fre'sh from tlie mixing “den” being mixed with the nitrate 
afld haggl'd up Ix-fore it has had time to cool. ('old sn])erphos])hate, 
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however damp, does not act on nitrate of soda, except in rvery 
warm weather. The superphosphate and nitrate must be mixed 
dry. They are no longer a ^urce of trouble to the manufacturer, 
provided that the superphosphate used has been properly made, 
for dry nitrate of high percentage mixed with a superphosphate, 
likewise dry, does not give off nitric acid and cause loss of nitrogen 
as was often the case formerly when sujxsrphosphates were wet 
and the nitrates charged with chloride of sodium. The sodium 
chloride decomposed by the free phosphoric acid caused the bags 
to burst in transit, for no substance rots bags so quickly as free 
chlorine and fluorine, two elements given off when nitrate and 
damp superphosphates are mixed. 

Finally, a manure is made tor meadows by mixing kainit with 
superphosphate or with basic slag. Kainit long in stock is gener¬ 
ally so damp that it blocks and chokes up the crusher. The only 
way to grind it is by hand labour, by the aid of wooden mallets 
with long arras, and it is altogether a costly operation. Kainit 
should not be stored in sacks but in bulk on a concrete floor where 
the water can drain away from it. The mixing entails no difficulty. 
The ingredients are rnued with a shovel, then the heap is turned 
over, the product perhaps jiassed immediately to the centrifugal 
crusher, then to the sifting machine. If the kainit be in blocks or 
lumps it must first be put througb tbe crusher to reduce it to the 
deiJired fineness. 

It* has already been remarked that in the case of the ammoni- 
ated superphosphate of high strength, the phosphoric acid soluble 
in water (Vd not retrograde even when the super])hosphate entering 
in'to tbe mixSiire was of such a nature as to readily lend itself to 
retrogradation. The causes of this phenomenon are of Ixjth a 
physical and chemical nature. The more the superphosphate is 
distended by ballast, wbicb is here sulphate of ammonia, the more 
distant the particles are from one another and preserve their con¬ 
dition. From a chemical ])oint of view, sulphate of ammonia 
possesses the property of hindering the basic sesquioxides from 
precipitating themselves, but it is clear that a retrograded super¬ 
phosphate cannot be improved by mixture with vulphate of 
ammonia. t- 

Tables fur the Calculation of Ammonia led Superphosphates .— 
The first \tertical column of Table XfjVI gives the Montent of 
sulphate of ammonia^ in per cents of nitrogen, in one-tenths within 
the limits which are generally met with in practice. The first 
horizontal colurhn contains the usual percentages in nitrogen of 
ammoniated superphosphates from 1'85 to 500. The figures 
contained at the points of intersection of these vertical and hori¬ 
zontal columns show the number of cwts. of sulphate of ammonia 
that must l)e added to the heaps to get 100 cwts. of the mixtufe 
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•with* the desired nitrogen content. Thus, for example, to get a 
superphosphate of 5:10, with 4 9 per cent of nitrogen from a 
suipnate of ammonia, of 20'2 per cejit of nitrogen, it is necessary 
to»add for 100 cwts. of mixture, say 64 cwts. of a 15'7 per cent 
supei-phosphate, llj of some inert material, and 24} cwts. of 
sulphate of ammonia. Table XUV gives the corresponding values 
for calculating the superphosphates. 


T.tBI.E XLVI.—SHOWINCl IN CWTS. THE AMOUNT OE St t.l'HATE 
OF AMMONIA OF DIFFEUENT STBENGTHS THAT MV'ST HE 
CONTAINED IN A 5 TON HEAP TO GET A MANUliE CONTAINING 
FROM 1-85 TO 5 PEE CENT NITROGEN. 


Per cent 

N. 

1-sr. 

I'OO 

11*:. 

•2-00 

2 - sr . 

2-00 

2-'.♦.5 

• 

8-0 

10-5 

H-4‘» 

11-74 

10-00 

10-20 

14-<)2 

1187 

15-18 

15-88 

VMS 

0 44 

'.♦•()0 

‘♦•Oo 

10-21 

11-54 

14-70 

15-05 

15-81 

; ii»-7 

0-40 

0‘(>5 

‘<♦•‘.♦0 

lO-lT) 

14-40 

14-72 

14-‘.^7 

ir>-i8 

10-8 

‘♦•84 

'.♦•OO 

‘.♦•K*, 

10-10 

14-80 

i4-r»4 

14-80 

15-1.5 

lll-o 

0-80 

'.♦•">5 

0-80 

100.7 

14-82* 

14-57 

14-82 

15-08 

200 

0-25 

i)-r>o 

‘.♦•To 

10-00 

14-25 

14-50 

14-75 

15-00 

j 201 

‘♦•20 

'.♦•40 

‘♦•70 

0-0.7 

14-18 

14-48 

14-08 

14-02 

1 20-2 

'.♦•lO 

1> 41 

U-(>r) 

o-oo 

1410 

14-85 

14-00 

14-85 

I 20*8 

‘.♦•11 

‘.♦•80 

'.♦•01 

‘♦•HO 

14-04 

14-20 

14-58 

14;7H 

! 20*4 


‘.♦•80 

‘♦•■)0 

O-HO 

18 •'.♦7 

14-22 

14-40 

J4-71 

20-5 

‘.♦•02 

‘.♦•27 

‘.♦•01 

0-77 

18-00 

14-15 

14-12 

Vl-08 

20-0 

8-08 

‘♦••22 

0-tT 

‘.♦•71 

18-88 

14-08 

14-82 

14-.50 

' 20-7 

H-04 

‘.♦•18 

y-42 

• 

'.♦•(o; 

18-77 

14-01 

14-5 

• 

14-50 

• 

Per cent 

V 


8-00 

8-or. 

1 •(♦ 

4-8,'. 

4 -O'J 

J-0.5 

r.oo 


10-5 

10-74 

20-00 

20->0 

• JO -51 

24-87 

•25-18 

25-80 

25-04 

10-6 

10-04 

10-00 

•2015 . 

-20-41 

24-74 

25-00 

25-25 

25-51 

10-7 

10-54 

l ‘^-80 

20-04 

20-81 

24-01 

•21-87 

25-18 

25-38 

10-8 

ia -45 

10-70 

10-'.15 

‘20-20 

24-40 

21-75 

25'()() 

• 25-25 

19-0 

10-85 

10-00 

10-85 • 

20^0 

24-80 

24' H 2 

24-87 

25-13 

20-0 

10-2.5 

10-50 

10-75 

2( H ) 

24-25 

24 -Bo 

•24-75 

25-00 

20-1 

10-15 

10-40 

10-05 

10-00 

2118 

•24-88 

24-02 

i '24-HH^ 

20-2 

tll-OS 

10-31 

l ‘. l -.55 

10-80 

24-01 

24-25 


•24-7.5 

20-3 

18-07 

10-22 

10-45 

10-71 

28-80 

2414 

24-80 

24-08 

20-4 

18-88 

10-12 

10-80 

10-01 

28-78 ' 

24 02 

24-27 

24-51 

•20-5 

18-78 

10-02 

10-27 

10-.51 

28-05 

2. S -00 

‘24 -U 

24-80 

20-6 

18-00 

1 ft -'03 

10-17 

10-42 

23-54 

28-70 

24-08 

24-28 

1 20-7 

18-00 

18-84 

10-08 

10-82 

28-43 

2807 

28-01 

24-15 





CHAPTER IX. 

THE MANUl'ACTUllE OE J'HOSl'HOHIC ACIJ), DOUBLE SUl'ER- 
I'HOHPHATEH, AND VAltlOUS rUODUCTS. 

llisUmcal lie view - -The iniuiul'acture of phosphoric acid, at one 
time flouristhirif,', has lost much of its former importance. The 
marktt for raw materials and finished products constitutes one of 
the most important factors in the development in this as of any 
industry. Formerly, when pure phosphates of high strength were 
rare, whilst phosphates of low strength abounded, the phosphoric 
_acid industry and the preparation of its derivatives were in an ex¬ 
cellent and prosperous condition. The extensive deposits of phos¬ 
phorite in (iermany injluced manufacturers to devote themselves 
to the manufacture of a product which, after separation from the 
impurities accompanying it in the raw material, was admirably 
adapted for the manufacture of one of the most esteemed manures, 
thai is, the double superphosphate. The discovery of the Eahn 
phosphorite beds occurred about the same time as that of the 
Strassfurt deposits of potash salts, and just when Liebig had 
formulated his mineral manure theory. Lahn phosphorite, which, 
wt^ know, *cotptains a large proportion of iron and alumina, was 
received with open hands by manufacturers, hut gieat was their 
astonishment when they reaiize<l that this material was absolutely 
unfit for superphosphate manufacture. Treated with sulphuric 
acid, it yielded a ))roduct, with a very low content of soluble 
phosphoric acid, which diTiiinished still further to such an extent 
owing to retrogradalion that superphosphate manufacturers had 
to abandon its use. Two large chemical factories, which owned a 
groat part of the Ijahn pihosphorite deposits, suhse<juentiy en¬ 
deavoured to utilise the material jp j)hoaphorie acid manufacture. 

The fundamental idea of the piocess of manufacture is con- 
tamed in Graham’s method of analysis. It consists in dif^sting the 
pulverized phosphate with sulphuric acid of 5 per cent strength, 
the dissolved phosphorh; acid being afterwards titrated with uranium 
solution, leaving«the oxide of iron intact. The principle of the 
process is thus represented by the following equation :— 

Ca,(t>Od, -r SHjSO, = SCaSO, + 2H.,POj 
■SIO 294 408 I'Ofl 


(>04 


(154) 


004 
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some strange error the older mamisls state that by treating 
tricalcic phosphate with dilute sulphuric a^id, monocalcic phosphate 
is oAained. Now this statement is erroneous l)ecause, as will he 
seen later, only phosphoric acid enters into solution. Rut even 
when sulphuric in insuflicient amount to that calculated for the 
preparation of monocalcic phosphate is used, free phosphoric acid 
is obtained, seeing that in this case a part of the Caj{PO,)j remains 
undecomposed. .As far l.mck as 1870, the firm of H. A E. .Albrecht 
at Biebrich installed an experimental factory for the manulacture 
of phosphoric acid, but the venture was not successful because at 
that time suitable appliances for separating the phosphoric acid 
from its insoluble residue were not then utilized. It \v<is only by 
the use of the filter press, already known at that time in ^sugar 
works, that the manufacture of phosphoric acid became lucrative, 
but the conversion of dilute phosphoric acid into double su))er- 
* phosphates did not in the beginning ))rcscnt insurmountable dilli- 
culties. Now, for this double superiihosphate—witb a minimum of 
40 per cent I’.p,,—there was soon a very great demand, as much 
bv agriculturists as by manure manufacturers, to whom it atVorued 
a'simple and easy means of securing a bigh percentage of IbO.-,. 
Rut let us examine the manufacture of phosphoric acid a little more 

closely. . , 1 ■ 

Manufdcture of Pitoaphorio Aoid - -The raw materia! used is a 
50 per cent phosphate (C.iijPpK)- dam]), it is dried on mfttal 
plates. If lumpy the luni))s are crushed liy a stone lireaker and 
then reduced to the requisite fineness by a ilatstone mill oi a ball 
mill. The ground pbos]jhate is then feil into the vats a cliaiii 
elevator, 1 to 2 tons per charge ; the sulphuric acid and the necessifry 
water (wash water containing some IbOJ to dilute the acid to l(i R. 
is run in at the same time. The charging of the vats rei|nires 
twenty minutes, and during this time decomiiosition is comp etely 
effected, the iibosphoric acid being liberated, the snlpburic acid has 
taken its place and combined with the lime to form gyjisum, winch 
has to lie separated from the liquid. For this purpose the iiinddy 
liquids from the deconriiosition vats are collectisl in a receiving 
tank at a l»ver level; this is fitted witb an agitator, its role Isniig to 
maintain the solid particles in suspension until th» mixture is forced 
to the filter presses by a pump, in which thc,acid liquid comes in 
contact oftly with rublmr or lead. The filUir pressar used have 
50 plates, and are capable of treating 14 tons pf phosphate- equal to 
thi-ee tons of in twenty-four hours. The filter plates are of 

pitchpine, the frames Ixiing of the same wood or of oak. ihe 
Liters are of plum-tree wooil. When the filter press is oliargiKl 
Its contents are washerl with water under pressure until the liquid 
which flows away shows a gi avity of only 0-25° B., a density equal to 
that of gypsum-saturated water. The wash water then contains on 
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an average 3 per cent of P 3 O 5 ; it is used, as already stated, to 
reduce the sulphuric acid to 16" B. The phosphoric acid collected 
in a " weak solution " tank has a density ot about 12" B., say anout 
4" B. less than the sulphuric acid used; there is reason to conclude 
that in addition to liberating the phosphoric acid a part ot the latter 
has combined with the time present in the phosphate as CaCOj, 
CaFo, and CaSiOj, A weak phosphoric acid solution of average 
<]uahty has the following composition :— 


/Vr cent. 

■ • • • • ■ • • • . S'O 

HO,,.0-2 

CaO.0-4 

and AI.,Oa.0-3 


and small quantities ot HF, Si, MgO, etc. For most applications, 
especially for the manufacture of double superphosphates, the 
phosphoric acid must bo concentrated to a certain extent. At 
first attempts were made to concentrate it by evaporation, using 
lead steam coils, but the pipes became rapidly encrusted with lead 
salts and lost their conductivity for heat. This process was there¬ 
fore abandoned, and attempts made to concentrate the acid by 
Irottom heat. Great flame ovens were constructed heated by com¬ 
bustion gases. These gases are led underneath the liquid con¬ 
tained in a pan surmounted by an arch. The pan is of strong 
wrougnt-iron, lined inside with stones which resist acid, and thus 
was protected from direct contact with the flame and the phosphoric 
acid. On tire other hand, the exterior side ot the pan is unprotected. 
The dilute solution of phosphoric acid runs in continuously in the 
back part ot the pan, until after two or three days an average 
concentration of 50" B. is obtained. The concentration is then 
finished and the phosphoric acid, now indicating 66 " to 58" B., is 
finally run out by a central gutter, whilst the contents ot the pan 
are continuously agitated so that no mud lemains. The liquid is 
collected in wooden vats, or in lead-lined iron tanks. In this con¬ 
dition the phosphoric acid is turbid and blackish owing to the 
presence ot soot deposited by the combustion gases, .^t contains 
alxjut 54 per cen* B^Oj, I’5 pst’ cent of FcjO,, and AUO,,, and 
variable amounts of gypsum, phosphate of lime, calcium fluoride, 
hydro-fluosilicic acid, arsenic, etc. <= 

Up to 1890, the factory of H. & B. Albrecht treated about 60 tons 
of phosphate in twenty-four houre. Five large evaporation ovens, 
analogous to tho^e described, were installed, which evaporated the 
enormous amount of 200 tons of water in twenty-four hours. The 
largest of these evaporating pans was 16'6 metres (50 feet) long, 
and 5'5 meties (17 feet) wide, but it was divided into two com¬ 
partments by a longitudinal diaphragm. It had a capacity of 
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36 <)jibic metres, and yielded at one operation 55'8 tons of 54 per 
cent phosphoric acid, vaporizing 270 tons of water witli an expendi- 
ture*of 35 tons of coal, 100 kg. (220 lb.) of coal vaporized, 770 litres 
(1£94 lb.) of water (i.e. 1 lb. of coal furnished nearly 8 lb. of 
steam), and yielded 160 kg. (352 lb.) of concentrated phosphoric 
acid. The evaporation was at the rate of 1626 litres (32 cwt.) per 
hour. 

The ovens installed at the Wetzlar factory were not so largo. 
When the acid was brought to the desired density it sometimes 
happened, owing to want of supervision, that in the parts of the 
pan most exposed to the heat the phosphoric acid was evaporated 
to dryness, and vitreous lumps of a greyish-blue colour, partially 
diaphanous, formed. The analysis of this vitreous mass was very 
difficult, because it was impossible to dissolve it by ordinary nafhods. 
Prof. Krantt, of Hanover, however, succeeded in dissolving it, by 
heating it with boraxtbe analysis gave 70 per cet)t of I’jO ,, la'sides 
alumina, iron, lime, alkali, and bydrofluoric acid ; silica, su|)posed 
to be present in large amount, judging from the vitreous nature of 
the mass, was only found in traces combinitd with fluorine. The 
substance thus consisted chiefly of metajiliosphoric acid. In the 
evaporation of the phosphoric acid, tbe steam carries olV a great 
part of the dissolved HF and H.jSiF,.,. 

Manufacture nf Daiible Siijterpliosjiliale. —Tbi! greatis' |>art of 
the phosphoric acid so produced was used in tbe manufactuw of 
double supeiphosphates. This manufacture is distinguished from 
ordinary superphosphate manufacture by the fact that ]ibospboric 
acid is substituted for the sul])hurio acid. Tbe j)hospl|ji,te is then 
rendered soluble according to the following e(|uation< - - • 

C«3(POJ.j + 4H.|r(l, -= .SCaHdl'OPj 
HW 8!I2 '_,_ 

7o!! 

It is clear that in actual jnactice the metho<l of conversion is. 
not so simple, because-phosphates containing all manner of im¬ 
purities ar* used, and the nature of the phosphoric acid, as well as 
that of the superphosphate, play*a preponderant role. The phos¬ 
phates which are the most easily dissolved by phosphoric acid, are 
sandy phaaphates with a high percentage of cJrl)onate»of lime, su^Ti 
as Somme phosphate and Malogne phosphate. This phosphate is 
mjxed in the proportion of 1 ton to 4 tons of 54 per cent phosphoric . 
acid. This mixing is done in the same manner, arid with the plant, 
as that in which the phosphate is dispolverl by sulphuric acid. 
To elevate the concentrated phosphoric acid and bring it to the 
mixing apparatus, either a force pump, a centrifugal pump, or 
4n injector is used. The first of these pumps is sure in its working 
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and can elevate the acid to any desired height; the second, vtiiich 
lends itself more particularly to the elevation of dilute phosphoric 
acid, is liable to stop workigg vchen the acid is concentrated or 
muddy; injectors are the most convenient, but it must be remeth- 
l)ered that they dilute the acid 1“ to 2° B. The ordinary appliances 
for raising sulphuric acid in manure works can, however, be used, 
viz. the ordinary “ montejus,” sometimes called the egg or air vessel. 
This air vessel is filled with acid by a syphon from a tank alongside. 
When full, air is pumped into it by one pipe and the acid rises from 
it up atiother pipe into the ten ton store tank overhead. Any hitch 
with the pumps described by the author means, of couree, the stoppage 
of the mixing when the store tank is empty. The air vessel with 
ordinary attention gives no trouble. 

Tfie principal difference which exists between double superphos¬ 
phate and ordinary superphosphate lies in the fact that the latter 
J.S a mixture of monocalcic phosphate and gypsum, whilst double 
superphosphate only contains as impurities a vei-y small amount 
of gypsum, foiniing essentially a monocalcic phosphate containing 
frei phosphoric acid in excess. That is why double superphosphate 
is less easily dried than ordinary superphosphate, and must there¬ 
fore he very carefully dried by artificial means. 

The process of manufacture just described appears very simple; 
it none the less requires the control of a good chemist, the more so 
as tiie raw matei'ial used is always contaminated with impurities. 
The Mllowing example will show what field of action is here open 
to the chemist. Wetzlar’s factory, of which the daily production of 
double siqwrphosphate was about 12 tons, made a product in 1883 
containing 34" per cent I’.^O., soluble in water and 13 per cent 
I’jOj, insoluble in water ; two years afterwards the soluble in 
water had risen as high as 43 to 45 per cent with 3 (i insoluble in 
water. 100 kg. of phosphoric acid in the merchandise consisted 
therefore— 

In 1883 of the total of phosphoric acid 73'2 kilos soluble in water. 

In 1885 the phosphoric acid soluble in water was increased 
to ‘JO '8 kilos. 

As lit that time phosphoric acid soluble in water war valued at 
0 65 franc the kg./^ whilst insolubks in acid was not generally paid 
for at all, the above improvement represents an increase in profit 
of £25 per d«y without taking into account the other advantages 
attached to the improvement in the working. The capital point in 
.the manufacture of phosphoric acid is to dissolve the least possible 
amount of sesqufoxide (Fe .^03 and ALO 3 ), because it is to their 
presence, in superphosphate that its retrogradation is due. It is 
clear also that the phosphates ought to be exhausterl as completely 
as possible to reduce the expenditure of sulphuric acid to the mini¬ 
mum and to leave the least amount of impurities, lime, hydrofluotid 
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acid, etc., in the weak solutions. Up to 1S84, it was l)?lieved that 
the linger the action was prolonged in the mixing tank, the more 
complete was the extraction of the phospheric acid. It was further 
believed that a temperature of 60“ trf 80“ ('. or 140° (17(>“ F.) 

was necessary, or was at least conducive to the progress of the 
operation. Thus the acid an’d the water were mixed in the mixing 
vat, the heat of the reaction bringing the temperature of the mixture 
to 70° C. (158° F.); the phosphate was then run in and the agitator 
was kept moving for two to three hours. But this was not a good 
method of working. Systematic manufacturing tests have led to 
the following conclusions ;— 

1. The percentage of sesquioxides in the weak solution increases 
with the period of the agitation and with the rise of tepqierature, 
the other impurities HF, H.^SiF,,, CaO, behaving in the same»\vay. 

2. The percentage of phosphoric acid in the insoluble residtie 
is least when the agitation lasts not longer thati twenty minutes, 
from that time onwards it decreases with the dunition of the agita¬ 
tion, but in proportion to the oxide of iron content. There would 
appear to be a retrogradation of the free phosphoric acid, under tlie 
influence of the oxide of iron, as in su])erphojphates, 

3. The expenditure of sul])hui ic acid increases with the duration 
of the agitation and th(! elevation of the temperatuic. Under 
opposite conditions, the sul])huric content of the ‘‘ weak solu¬ 
tions” natui'ally decreases, Tlu'se <lisluclions were arrived at, in 
the course of manufacture fiom Uahu phosphorite; aft(uwardt*they 
were generalized, es])eciall)' for verifying the facts pointtsl out in 
1 and 3, which are likewise ap])lieahl(! to Uiege phosphate. The 
results thus ascertained were ap])li(sl immediately, in*industrq)il 
practic(>. To diminish tlie duration of the mixing process was 
easily done ; to lower the tenqK'rature of the nuxing during working, 
the sulphuric acid was diluted with the wash water and the hot 
dilute acid passed through a tubular condenser, coolisl by a circula¬ 
tion of water; finally, to decom)]Ose the phos])hate by sul])huric acid, 
half ipiantities were taken, (ireat advantagt; arises Irom this method 
of working, less handling, alsililion of night work by installing of 
new filter presses, economy of suljthuric acid, more comjrlKe ex¬ 
traction of flic phosphoric acid frpin the ))hosph!des, longer liftt of 
the filter cloths, and al)ove all, ofrtaining a product richiu' in phos¬ 
phoric aci(^ soluble in w ater. This product th»n had tlj(! followinjf 
composition :— 
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TABLE ^LVII.—SHOWING THE ANALYSIS OF DOUBLE SUPEE- 
PHOSPHATE. 


r^r cent. 


Monocalcio phosphate 

CaH,(W,)^ . . . 600 

Free phosphoric acid H,PO< . 0'5 

Dicalcio phosphate Ca,^ 2 {P 04 ),j 4*5 

Tribasic phosphate Ca(P 04 )^ . 2-0 

Phosphates of iron and alumina 

FePO.AIPO, ... 4-0 

Hydrated sulphate of lime 

CaSO;dHjO . . . .-iO 

Magnesia, silica, Ouorine . . 2-0 

Sand, etc. • . . . . 4'0 

Moisture • . . . . 11*0 

• _ 


100 0 


e 


48-1 per cent of total P^Oj. 

43’3 per cent of P.^Oj soluble in water. 


But nil the maiiufactuiing problems wore not solved. .An impor¬ 
tant point is the exact determination of the amount of sulphuric 
acW required to decompose the phosphate. That amount cannot 
be fixed, except by inference from the SOj in the weak solution of 
a pieceding operation, and to deteiminc that it is necessary to 
make a quantitative analysis. If a sulhcient amount of acid be 
not used tbe solution contains lime in excess, and after evaporation 
it in often converted into a thick liquid, which it is impossible to 
work'in that condition. This diawhack is remedied by introducing 
more sulphuric acid, but it would be lietter not to use that expedient 
owing to Jjho disengagement of hydrofluoric acid fumes. Another 
dhawbaok wh'ch arises from a deficiency of sulphuric acid, is that 
the extraction of the phosphoric acid is incomplete. But an excess 
of sulphuric acid causes even greater drawbacks. In fact, if the 
phosphoric acid solution, with excess of sulphuric acid. Ire evapor¬ 
ated, it becomes inactive towards the phosphate which it is intended 
to dissolve, which is likewise the case with too concentrated sul¬ 
phuric acid. The phosphate is in this case not attacked by the 
acid, and the manufacturer is in a dilemma as to what to do with 
this dilute mixture of phosphate and phosphoric aejd. At the 
Wetzlar factory, .when this misfcap occuri-ed, the phosphoric acid 
was absorbed by powdered peat, in the r-atio of three to one; this 
^product con'ained atkmt 33 per cent of P^Oj, and whan it could 
not be sold directly, it was afterwaids mixed with double super¬ 
phosphate. AVhon finished, the percentage of phosphoric apid 
soluble in water was thus considerably increased, but at the expense 
of its physical properties. , 

Afterwards, a very simple way was found to restore the activity 
to phosphoric acid which hod become inactive. All that has to 
be done is to treat it with finely powdered quicklime. But phot- 
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photic acid so treated does not behave like nonnal acid in the 
course of the work. As already stated, the residual gypsum left 
in the filter presses forms a very cupilKU'some waste product. It 
contains 40 to 50 pet* cent of water. It is run on to a heap. In 
summer it dries on the siyface, it is then turned over with the 
plough, and passed through a (’arr’s disintegiator, and markt‘U‘d 
as a powder. In wet years it is dried in a simpk* dning machine, 
when there is an outlet for it. This protluct is known in coninu*rco 
as phosphatic gypsum ; it contains (>0 per cent of gy}>sum and .‘I to 
4 per cent of phosphoric acid, of which 1 per ctmt is soluble in 
citrate and 0*25 soluble in water. It appeanxl that this gypsum 
could be specially iwlapted as a pres(M*vativ(‘ agent ot tin* hntilizing 
principles of farmyard manure, for which ])urpos<* it lut« l)ee!) pro- 
posetl to spread it in stai)les and on farm>ard manure. * Tins 
use is very rational, for preci])itat(Hl gy])sum reacts very readily 
with the ammoiiiiiin carbonate of farmyard dung. But it is clear 
that this material cannot hear lu^avy fr(‘ight charges, sinc<' its selling 
price is almost entindy absorbed by drying expenses and loading. 
It is easy to understand that to a factory which product's lOl) thus- 
of phosphatic gy})sum a day, tlie sale of this waste is of no great 
importance in itself, whilst tlie handling of it and its storage form 
a big item in the geiifral expens(*s account. Thus ihi* Wetzlar 
factoiy was obliged to ])urchase a |ii(?ce of land for .‘10,000 marks 
(1:1501)) for this purpose aiid to iusial o\\ it an aerial conveyer M a 
cost of 10,000 marks (.t.HOO). 

It has already Ix-en st-en that doul)le super])hosphate must 1 m» 
dried arlilicialiy. The ])rinci])le of this opeiution consistiin passing 
over the suhstanct' a lar^'e volume of air at a unifort/i temperatidfe, 
the degree of which depends on the su]ierj)hos]ihate. The dryers 
installed at first fulfilled none of these conditions ; the product ob¬ 
tained therefore was very uneijual, one ])arl i)eing superheated atid its 
phosphoric acid partially ri^lrograded. To improve tlui drying ])lant 
experiments were undertaken to find the limit of temperature at 
which the ])hos)»horic acid ceased to retrograde. These researchers 
were made on fjahn double HU]>erphoKphat<r and gave quite unex¬ 
pected results. Up to 120° C. F.) th(r content of pho'sphoric 
acid soluble in watei' undiM'went no modification, i4 evern appreciably 
increased l)etween 120 C. (248° U.)and 170' ( . (.I.'IH I.), and it^ 
only ahovli 170° C. that tlur olijectionahle retfognwlalion occurreTT. 
.\t first sight one would he inclined to explain this fact liy inferring 
that the H.,POj and UaJI^d’Oj^ are at a low ternperiiture in a . 
state of equilibrium in suiairphoHphate, hut react hiu* eui the? other 
at a high temperature to form It was then a question 

of realizing this temperature of 170'(.. in actual practice. But this 
problem is a difficult one and do<*K not appear to have* ever been 
perfectly solved. It will he seen in the sequel that double super- 
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phosphate made from Li^ge phosphate behaves in quite a difRirent 
manner; not only is there no increase in the phosphoric acid 
soluble in water, but retrogjadation commences as soon as^ the 
drying temperature exceeds 120° C. The true cause of that differeirce 
in the behaviour of the two superphosphates has not been ascer¬ 
tained, but it may be concluded that each phosphate has distinct 
properties of its own, and requires to be treated in accordance , 
therewith. It is the phosphates poor in sesquioxides which work 
best, such as Florida phosphate which is used in a Swedish factory. 
The crushing of the dried superphosphate is done in a Carr’s 
disintegrator, like an ordinary superphosphate, and presents no 
difficulty. .The plant required for making 7i tons of 56 per cent 
phosphorioacid is the following :— 

4 to 5 filter presses. 

1 large and 3 small mixing vats. 

2 centrifugal pumps. ' 

3 force pumps. 

Cooling and dilution plant. 

‘'Sulphuric acid store tank, 10 cubic metres capacity. 

35-40 per cent suiphurio acid store tank, 20 cubic metres 
capacity. 

2 sulphuric acid measuring tanks. 

2 wash water tanks, 15 cubic metres capacity. 

'Dilute phos))horic acid tank, 40 cubic metres capacity. 

Cfincentrated phosphoric acid tank, 10 cubic metres capacity. 

Force pump for concentrated phos[)horic acid. 

Oven (fiT drying the phosphoric acid. 

" Lend piping. 

1 steam engine 25 II.1’. with shafting. 

As mentioned at the outset, the phosjihoric aciil industry has 
lost much of its importancis Of twelve large factories at work 
twenty years ago. there are only four or five .still at work, which 
also mak(^ various kinds of phosphates, of which a few words will 
now he said. 

Manufacture, iif Snperphnsphate of I’litassiiim and Ammonium. 
—The oldest and the most important of the phosphoric.acid deriva¬ 
tives is the noutrul ])hoaphateof codium, Na.dll’0., which occui-s in 
the form of beautiful mouoclinic crystals consisting of 20 per cent 
NbjO. 20 per cent I’^O,,. and liO j)er cent of water, and caci tlierefore 
he piepared (sisily in the pure state. The phosphate of sodium is 
not employed as manlii'C, but rather the phosphate of potash and of 
ammonia about fo be described. The manqfacture of phosphates of 
potassium atul amnioniiiin presents difficulties, especially that of 
potassium, owing to its weak crystallizing jxjwer. From that point 
of view, the mono-ainmouiuin phosphate Nn 4 HjPO., which is the 
most stable of all the phosphates of ammonia, behaves much betta*'. 



THE? MANUFACTURE OF PHOSPHORIC ACID, ETC, 163 , 

• 

It arystallizes without water of crystallization in teautiful tetragonal, 
prisms with a pointed apex. The acid phgsphates are genemlly very 
ditiftiult to filter when they are neutralized with s^a. Now as 
the pure non-ammoniacal phosphate is much less used as a manure 
than the impure phosphate of ammonia, the manufactuie of the 
latter furnishes a pure ammoniacal salt as a secondary product. 
The most simple process to manufacture phosphate of ammonia, as 
well as sulphate of ammonia, is to use gas liquor, working with the 
well-known apparatus of I'eldmann. The salt is not separated from 
the muddy precipitate obtained, which is likewise used as manure, 
but there forms at the surface fine crystalline elllorescences of 
NH 4 HJPO 4 , which it is easy to collect apart and to jiurify by fresh 
crystallization. In order to prepare in the same manner n crude 
phospho-potassic manure, potash must l)e employe<l as the row 
material, but that is too dear. Nevertheless, in 1892, the Biebrich 
factory produced small quantities of phosphate of potash, by satura¬ 
tion of potash with phosphoric acid, although the product was of 
had quality (much insoluble I’jO,, and HjO). , 

Manufacture, of Sufp/io-ji/tosp/ta/c.s —During this ))erioil chemists 
tried new methods of manufacture. .\t thaf time Dr. Paul Wagner, 
1892. published his pamphlet on the use of chemical manures in 
horticulture, suggesting the manufacture of pure and concentrated 
chemical manures. This idea was taken up by II. Albrgcht, 
director of the Biebrich factoiy, which henceforth manufuptured 
phosphates of potash and ammonia and nitrate by mixing the 
ingredients in different proportions, .^s a matter of fact, an iih))ure 
phosphate of ])Otash was known as early as IHHfi, but«its content 
of sulphuric acid rendeced it unfit lor the ))urposes to which such 
mixtures are applied. This product is tlu; sulpho-phoB])hate of 
potash which was at first made hy Meyer, as well as an analogous 
product, the sul))ho-phosphate of ammonia. 

The sulpho-phosphates are interesting from siweral points of 
view, and possess such valuable properties that there is reason 
to inquire why agriculture and the chemical manure tmile do not 
make more frequent use of them. So long as the Wcdzlar.lactory 
was at wo>k, it produced great (juantities intended chiefly for expoi t 
to the Dutch East Indies, but from that time tfley have not been 
heard of. If equal parts of HH per cent pl)ps])horic acid and ^ 
sulphate 9( ammonia or sul))hate of potash he mixed "together and 
heated to 80 the components unite to fort* a dry pulverulent salt, 
an additive product of the two substances being fgrmcd 

(NH^).,SO, + H,B(1^ = NH^HSO, + NH,H,,PO, 
k;S 0^ + H.,1>(1, = KHS(5, -f- KHjBO, 

The products contain respectively, 25 j)er cent and 10*5 N, 
ind 24 per cent 1^0;, and 27 K.p. The ijhosphoric acid is present 
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in a condition almost entirely soluble in water. The percentage of 
sulphuric acid is about ^0 per cent. (It may be remarked as 
peculiar that an analogous eompound cannot be obtained Irom 
soda in this way.) The manufacture is exceedingly simple. 
There is dissolved in the “ weak solution,” obtained in the 
manufacture of phosphoric acid, an equivalent quantity of 
alkaline sulphate, viz. 100 for 55 P^Oj and 100 K^SO^ 

for 48 PjOr,, and the solution is evaporated until the boiling-point 
rises to 110" C. (230" P.) for the potash salt and 140° C. (284° 1’’.) for 
the ammonia salt. Finally, the hot mass is run into a cooling beck 
and agitated until it solidifies. This process is much more simple 
and cheapbr than that of making double supeiphosphate. It is 
well tptake'into account the advantages which the sulpho-phosphate 
possesses in virtue of its acid nature. It may be used in large 
quantities in calcareous and heavy soils, either alone or mixed with 
basic slag or powdered lime. We know that in virtue of its high 
lime content, basic slag cannot be mixed either with ammoniacal 
salts nor with superphosphates, for in the first instance there would 
be a loss of nitrogen, and in the second of phosphoric acid soluble 
in water. Now, not ohiy does the mixture of basic slag with the 
sulpho-phosphate of ammonia exclude losses of this nature, but it 
also has the effect of increasing the percentage of phosphoric acid 
soluble in water. Accoi’ding to experiments made on this subject 
this ivcrease reached 13 per cent of the total phosphoric acid in the 
mixture. Another advantage arising from the acid character of the 
sulpho-phosphates residtw in the possibility of using particularly 
im^pure pHosjihates such as those containing oxide of iron and 
alumina. It is precisely this fact which will bring the sul])ho- 
phosphates into good repute some day, when the abundance of pure 
phosphates has become a thing of the past. 

But there is a class of mineral phosphates of low content in lime, 
and the Irase of which is alumina with more or less oxide of iron. 
Redonda phosphate consists of important beds of this nature. These 
phosphates cannot t)e treated either by the ordinary dissolving pro¬ 
cess oil by the process of extr action of the phosphoric acid, because 
the latter is present in a form diflicult of attack. No\t the manu¬ 
facture of sulpho-phosphates preftents us with the means of profiting 
ctcellently Iry' these ,phosphates which are otherwise unutilizable, 
and therefore cheap. The method aliout to be desdribed, and 
which has not previovsiy been published, is based on the following 
equation. , 

2AtrO^ -4- 4NII,HSO^ + II.,SO, = 

AI,(SOj, + 2(NH,HS0,,NH;H,1>0,) 

The ground phosphate is fused at a temperature of 120° to 140° ('. 
with super acid ammonium bisulphate. The duration of tH5s 
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opt^ution depends on the de^n-ee of resistance of tUt siibslance. 
Most often it requires two to three hours. It is clear lluit the 
•watur evaporated in that time must be replaced. Tlie j)hosphaie. 

dissolved much more rapidly auM more com))letely wlaai the 
operation is performed under pressure and at an elevated tem|.H‘ra- 
ture. The plant required In this method of workiu'^ is certainly 
more costly, but the work would be more expeditiously done and 
factory expenses consequently less. 

The product so obtained is a sulpho-phosphate of ammonia and 
sulphate of alumina. The presence of the latter renders it very 
hyt;rometric and little fitted for its intended use. Hut theie is a 
very simple niethotl of remedying this drawback. If an ecpiivalent 
quantity of sulphate he julded thereto it combines with file sulphate 
of alumina to form a double suljihate of alumina and ammonia 
(alum). A product is llius obtained which remains as dry as 
ordinarv phosphate. The chemical transformation then becomes;— 

AlPO, + dNH^lISO, - .MNIIJSO,), + NH,HSO,.Nn^lUP(), 

If the Hedonda pliosphate contains, for example, •10 per C(‘ut 
Pd)-,. one calculates thus • 


100 phoHjihato. 

112 Bulphate of ammonia.2IN 

130 ftulphuric aci<l of oO 0.sill ,SO. 


:(42 

We thus ^et a manure containing in round ligun's ; - 

• 

I't'r fful.* 

Nitroj^en , . s-o 

I’.O, total.13-0 

l*,^0^ Holnblo ill wator.11-0 

In inanv cases it wouhl be advisalile to replace a jiorliou of the 
nilrO'Ten liv potash. This snbstitutioji is easily eflecled. It suHices 
to replace? tlie snl])hate of ammonia iiy sulphate? of jiotash : 

^IPO, + 2n’h,HS(), i KHSO, - AlKfSO,),. ’ 

The- addition of potash in quantity {'reateu-^han that r<*qiiir»-d*t.o 
combine with the alum complicati?s the work. It is cle*ar. morewer. 
that one can likewise combine with this pi’oce'ss the prfKiuction of^ 
aluminate of potash; the expeaise adherent to Mashing, evajioia- 
tion, and crystallization aj)|)cars to lie^largely covered by the sale 
of the sulphate of alumina as a current article of commerce, whilst 
the richness of the manure could he increasejd at will. 

I3y \vorkiiig as described, it is easy to utilize Redonda phosphabi 
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up to 90 per'cent. As already mentioned, the sulpho-phosphat® of 
potassium does not combine the conditions required in a concen¬ 
trated potassio manure, its sulphuric acid, amounting to alntost 
30 per cent, must be removed. Lime provides the easiest meatj^ 
of doing this. It has been proposed to combine monocalcic phos¬ 
phate with sulphate of potash, but tbe'process is not applicable, 
because the gypsum is precipitated in the form of very attenuated 
crystals, which render filtration impossible after evaporation. But 
if lime in an insoluble form be used, i.e. as carbonate, and if it be 
made to react on the dissolved sulpho-phosphate of potash, the 
gypsum is precipitated in a coarse state, and its elimination from 
the liquid by filtration presents no difficulty. The free sulphuric 
acid of the. sulpho-phosphate combines with the lime to form 
gypsua ; by addition of phosphoric acid, the K^SO, is transformed 
into KHSO, KHjl’Oj, and the acid of this new bisulphate is in 
its turn removed by CaCOj. The sum of these reactions is repre¬ 
sented by the following equation :— 

KjSp, + 2II,PO^ -f CaCOj = 2KH,PO, CaSO^ + COj + H,0 

However, these reactiops are not effected in the simple manner- 
shown alxrve. Thus the direct action of calcium carbonate on phos¬ 
phoric acid is to form insoluble phosphate of lime. If it is desired 
to treat a solution of potassium sulphate in dilute phosphoric acid 
there would be a considerable loss of phosphoric acid. Moreover, 
the washing of the preciiritated gypsum containing l^Oj and the 
evaporation of the wash water would entail great expense, sufficient 
perhaps to absorb all the profit of the manufacture. An elegant 
and,simple solution to the problem, however, has been fouird by the 
use of grey phosphatic chalks. These phosphates, for which formerly 
no use could be found in spite of all the researches and tentative 
trials made, contain about 30 per cent of Ca3(P04)2, and a pre¬ 
ponderant quantity of CaCOj; they are sold cheap. It is clear 
that, if in the process now described, calcium carbonate be added as 
phosphatic chalk, there will Ire obtained as a filtration residue a 
mixture of phosphate and gypsum, th(! phosphoric acid content of 
which, although low, can be perhaps utilized for the extraction of 
phosphoric acid. And if the phcj,sphorio acid extracted from it is 
afterwards used in the manufacture of sulpho-phosphate of potash, 
it •.-.ill suffice to treat the above phosphatic gypsum in the fi,'ter press 
to eliminate the adherent solution of potassio phosphate, but it 
would be useless to wrfSb it, because the remainder of the potassi.c 
phosphate which it contains returns to the process by the extrac¬ 
tion of the phosphoric acid. In this rvay the small amounts of 
phosphoric acid precipitated by the chalk would also bs utilized. 
This detail also brings out better the advantages resulting from the 
use of phosphatic chalk in this case ; in fact the amount of phos-,, 
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phoiic acid pi-ecipitated is exceedingly small, liecause the convei-sion 
is effected in a less violent and more regular manner. Another 
veryMisagreeable drawback due to th^ carbonate of lime, is obviated 
hwusing phosphatic chalk; it is the entrainment of soluble potash 
by the gj'psum sludge, owing either to the formation of a double 
phosphate of calcium and potassium or to adsorption. The pro¬ 
cess just enunciated was the subject of a patent delivered to H. A 
E. Albrecht; it is applied on the large scale at the lliebrich factory, 
in the manner about to be described. 

There is run into a lead-lined vessel. litUsl with an agitator, a 
measured quantity of a 10 per cent solution of phosphoric acid, in 
which a corresponding quantity of sulphati^ of potash is dissolved. 
Afterwards, whilst constantly stirring the mixture, hut withovit heat¬ 
ing, the calculated quantity of pulverized phosphatic chalk is Slowly 
incorporated. When, after about an hour, the conversion is accom¬ 
plished, the phosphatic solution is separated from the residue, by filter 
presses, and the liquor evaporated to a pasty consistency by steam 
heating. The dry salt is afterwards obtained, lit to he centrifugal 
by diying it in a special chamber heated by steam at a Uunperafure 
of 70” to HO” C. From the filter pi'esses, tlie residing fails directly 
into a second mixing tank with agitator, likewise limsl with lead, and 
containing the quantity of sulphuric acid necessary to decom^jose 
the phosphate. When this decomposition is coinpUde, the residue 
is separated from the liquid by means of the filter press, completing 
the extraction this time by washing, for the wash water afterwards 
senes to dilute the sulphuric acid. The filtrate, which consists of a 
mixture of phosphoric acid and iiotassic phosphate, flovts from the 
filter press directly into the first receiver-mixer. The. iirodnct thus 
ohtainwl contains ,78 to 40 per cent of F.jO,, almost entirely soluble 
in water, HI to 38 iier cent of K^O, and in addition a fi'W per cents 
of sulphuric acid, lime, etc. 

The Salz Werke Co., Neustassfurt, have likewise succeeded in 
producing a pure and concentrated phosphate of potash from 
potassium chloride. The exjieriments made by this company led 
to quite an unexpected result. It is known that the metaphosphato 
obtained liy the decomjxisition of potassic chloride, by phosphoric 
acid, at the temperature of fusioa, is by itself cumpletely insoluble 
in water, and even in acids. Now it has been found that by cooling 
it suddenly, it is converted into a modification very soluble in wafer. 
The decomposition is effected in a muffle furnace for the prepara¬ 
tion of phosphate, the evolved hydrochloric acid is condensed, and. 
the liquid metaphosphate flows Ixiiling from the’oven direct on to 
cold plates, in a thin layer. After cniehing, the product forms a 
dry salt easily preserved and containing 50 per ermt l’j,0., and 45 
per cent Kfi. Although phosphate of potash, and similar con¬ 
centrated manures, have not assumed, in agriculture, the importance 
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that was at first anticipated, esixicially for cereal cultivation, <hey 
have none the less a f'reat importance in certain sjtecial cultures, 
and above all in the Colonies .owing to freight charges, which' are 
heavy. Their rational use in horticulture likewise presents vety 
great advantages which wilt eventually be appreciated. Here is an 
example: In the garden attached to the mansion house of Biebrich, 
in phosphate and nitrate of j)otash was applied to the ras))- 

l«;rry plantations with the object of obtaining a heavier and an 
earlittr yield. The success was such that the gardener of the 
mansion house had already sold £1.0 worth of fruit collected in the 
Htjuares so treatiid btdore tin; ras))beri'ies in the plants cultivated 
without manure were ripe (end of April). Now the amount of 
fertilizer used hardly came to the value of Is. 

UmU]>hat(: Siiperphiixpliule ,,—It now remains to say a word 
about another product not priwiously described, i.e. the hisulphate 
superj)hos|)hate. Bisulphate, as is W(dl known, is a by-product 
of the manufacture of nitric acid (nitre cake), and finds hardly any 
us(! except in glass works and in the manufacture of Glauber’s salt. 
But it is dillicult to sell, and it is sold at a very low irrice, for tht‘ 
local authorities forbid it being run into streams. Dr. Orueber tried 
to utilize it ill the manufacture of suporphosjihates. By mixing 
600 kg. of hisulphate with 150 kg. of Algerian phosphate he ob¬ 
tained a supeqiliosiihate, but the jjroiluct was very deliijuescent 
Ixjciluso it wanted the wate.r of constitution necessaiy to the forma¬ 
tion ol’sulphate of lime. Dr. Grueber remedied that by adding to 
the jihospbate (iO kg, of water. He thus obtained a dry superphos¬ 
phate, with 7 to H iierceiit. of solubli' phospboric acid ; the addition 
of'a small amount of .Algerian ]ihosj)hate enabled it to be [lassed 
through the centrifugal crusher and thus it was obtained in a pul¬ 
verulent form. .As all manure factories re(|uire iioor supeiyihos- 
phates to adjust the analysis, this product would thus readily find 
a use. 

I'liiixphatic -It now remains to describe a manure in 

which the phospboric acid is present, not in chemical combination 
hut in sim))le admixture--we mean phosphatic peat. In 1892 
the Society of German .Agriculturists greatly recomnejiided the 
manufacture of this product as a inicrobicide, as a preventative of 
epidemics, and suitable for rendering both human and animal 
e,xbreta inotl'ensive. 'The first exjieriinents made in this'direction 
with hydrochloric and sulphuric acid did not yield satisfactory re¬ 
sults ; hydrochloric acid is too volatile, while sulphuric acid carlxrn- 
i/.es the fibre of the peat, so that.it is difficult to use more than 
2 per cent in the mixture. ^ Phosphoric acid has not either draw¬ 
back, and there is nothing therefore to prevent phosphatic peat 
being prepared with 10 to 15 per cent of I'^O ,. Kxjxiriments on 
a manufacturing settle, and application of this product, wore made 
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in ltt93 by Ur. Meyer, who, inoroover, exhibited samples at the 
show ot the German Society of .Igricultiirists, who made him an 
awaiA There is no doubt that pbosijhatic peat possesses the pro- 
peiiies which recommend it, more particularly for spreading on 
farmyard dung in stables. The excrements of animals commence 
to decompose as soon as they aiv evacuated, and this decoinimsition 
, is accompanied by a considerable loss of nitrogen. The a<idition 
of the phosphoric acid not only retains all the nitrogen in the 
manure, but also enriches it. It also destroys the germs of infectious 
disease, typhus, cholera, etc., as the experiments of Fraenkel, 
Klipstein, and Burow have shown. Klipstein formally declares 
that phosphatic peat behaves Ixitter in this way than .sulphated 
peat, which he had prepared with 10 per cent of Mdphnric acid. 
The manufacture of phosphatol peat is very simpliv The i#at is 
made to absorb the (juantity of hot phosphoric acid diluted to the 
’desired strength. Prepared peat or crudt! peat may 1 k! used. In 
the latter case, the ])eat should passed through a slicing machine 
and then through a press. This itidustry should be pnolitable. To 
obtain the phosphoric acid the most im]>ure jihosphates, ollun'wfbi^ 
ot no value, can be used; moreover, the phoKphoric acid absorbe<l 
by the peat retains its solubility in water. Gn the other hand, it 
should not be very diflicult to cieate a marki’t, since peat has Ix'en 
employed for a long time as litter, as well as other additional matter, 
i.e. gypsum from supeiphosphates, which is sjnisid in tlu^ stables. 
Hut there is no substance of this nature which ))ossessc!s the’anti- 
septic properties of phosphatic peat. It retains the, nitrogen, 
destroys infectious genns, absorbs mine, j)urifies the air^if stables, 
amplifies and enriches farmyard manure. The use of phospbafic 
l)eat for the disinfection o’f fiecal matter constitutes a problem more 
difficult to solve. The main obstacle is the system of water carriage 
that all large towns have adopted to fnjc themselves of their excixita 
in a radical but far from econoitiical manner. In small towns 
{there are some in Germany where tin! nsi\ of pbosjihatic peat is 
obligatory) its purchase, its use, and the sale of the human manure 
undei- the control of the authorities, to ))revent fraud, piesent real 
difficulties. #But on large estates which hav(^ the use of the manure 
in their own hands, the use of phosphatic jicilt woulii lx; very 
lational in so far as one could then economize the coat of dryiiij' 
But if it Itfc desired to dry thi.’ manure, plant’similar to that uaisl 
for drying poudrette may lx; used. The manure, consisting of fa'cal 
inaiter and phosphatic ]x;at, after desiccatfon forms a manure 
analogous to guano. It does not give oil any bad'odour, and con¬ 
tains 4 per cent of N, 4 f) per cent (i soluble), I per cent 
potash, and alxtut 45 per cent of peat. 



Al’l'KNDIX, 

THE MANUFACTURE OF I’HOSPHORUH IN THE ELECTRIC 
FURNACE. 

In a receut publication of the United States Geological Survey,, 
entitled “ The Production of Phosphate Rock and Phosphorus in 
1906,” G. \V. Stose gives an interesting summary of the progress 
made in phosphorus manufacture, and points out the role which the 
electric furnace has played in this development. Foi-merly phos¬ 
phorus was only extracted from bones and other organic matter. 
It'is only (luite recently that it has been extracted from mineral 
products. First of all, phosphorus was extracted from phosphatic 
rooks, such as the impure fluophosphates of calcium, with which 
the superphosphates used in agriculture are generally made. 
Apatite, which is a fluophosphate or a chlorophosphate of calcium, 
wan only used to a slight extent in Europe or in Canada. Quite 
recenvly wavellite (phosphate of alumina) has been used as a source 
of phosphorus. It is furnished in sufficient quantity for the purpose 
by depositji situated at Mount Holly Springs (Pennsylvania). The 
old process of phosphorus manufacture which was in use in the 
lieginning of the nineteenth century is aS follows : The Ixmes are 
burnt, then ground; the bone ash or phosphate of lime is treated 
with a sufficient quantity of sulphuric acid to convert the whole or 
a part of the civicium into calcium sulphate and the phosphorus into 
metaphosphate of calcium or even into phosphoric acid, which is 
cdnoentrated by evaporation, mixed with wood-charcoal and reduced 
by heating in a furnace in a fireclay retort. The vapour of phos¬ 
phorus and carbonic oxide are given off. The phosphorus which 
18 condensed under water has waxy appearance and yellowish, 
colour. Theoretically the reaction should be :— 

2Gaj(POd., + 6H..SOj + IOC = 

6Ca80, +■ lOCO -F 1\ -F 6HjO 

Practically, however, it is found that the following reaction lietter 
represents what occurs 

3Ca3(PO,), + 6HjSO^ -F IOC = 

CCaSO, + Caj(POd. + lOCO -F P, -F 6H.,0 
(170) 
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Inthia^rocess the loss due to destruction of the retorts by Sulphuric 
acid and by the great heat is considerable. Only a portion of tbe 
phosphorus, therefore, present in the chargels recovered. There is 
also^the danger of the phosphorus inflaming when withdrawn, 
and it is necessary to take the greatest care to prevent the phos¬ 
phorus condensing in the tubes and obstructing them. Numerous 
improvements or alterations of this process have been patented in 
recent years. Woehler was one of the first to heat phosphate of 
lime as it occurs in bone ash or phosphatic rocks with silicious sand 
and charcoal without resorting to the sulphuric acid treatment. 
Wing’s patent, 1891, is based on the same principle. 

Wing’s Process .—In Wing’s process, hone ash or pulverized 
rook phosphate and silica are moistened and made into balls which 
are placed in layers alternating with layers of coal in a rulMlot. 
The coal yields the incandescent carton required for the reduction 
*f the phosphoric acid. The silica expels the phosphoric acid from 
the phosphate as anhydride, FjOi, which is reduced to the condition 
of phosphorus by the incandescent carbon and the reducing atmos¬ 
phere. The vapours pass to condensation chambei-s kept at A 
temperature of 500° F. (260” t'.), in which tto greater part of the 
phosphorus is deposited as red phosphorus and tbe remainder in 
a water chamber as white phosphorus. The process is continuous, 
the charge being introduced at the top through the furnace mouth,, 
the residues are evacuated by the grate at the bottom, and tiro- 
condensation chambers are used alternately. * 

In using the oi-dinary furnaces this method was found imprac¬ 
ticable owing to the high temperature necessary to treat ^ charge 
as refractory as that just indicated. It is well known tbaU 
electricity can furnish theliigh temperature necessary, and it was 
well imagined that it ought to solve the problem, but manufacture 
by this process has only become possible commercially quite i-ecently, 
since the invention of the electric furnace. Uonsequently, the 
process has been introduced both in Europe and America, where 
it enables phosphorus to be made at a profit. 

Deadman's Patent .—This process, which dates from 1889, is 
applied in mqfit countries. The tone ash or the crude jihosphoric 
acid is mixed with ground coal ^r wood-churc«al. If mineral 
phosphate be used it is roasted, pulverized, and mixed with wood- 
charcoal, silica, or a basic salt. The mixtur# is reduced in atC 
electric furnace working continuously in a reducing atmosphere. 
Thepurrents brought by retort carbon electrodek traverse the charge 
placed between them, which acts as a resistance afld is heated to 
incandescence. The silica combines witlj the calcium to form a 
slag of silicate of lime. The phosphorus and carbonic oxide^ are 
given off as before described. The reaction commences at 1150” (!., 
bu4 a temperature of 1400° C., and even 1500° C., may to reached 
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before com])letioii of the reactions. The reaction is the £pllow- 
ing:- 

2(;a,,(l’0,)., + OSiO, + IOC = GCaSiO., + lOC^O + Pf 

narcUnij’x Process. —In Harding’s processor 1898, the pulverized 
rock phosphate is heated with sulphuric acid ; the phosphoric acid 
thus separated from the lime is filtered and evaporated to a syrupy, 
consistency. It is mixed with granular retort charcoal, heated in 
a reverberatory furnace, and treated in an electric furnace, the arc 
issuing impetuously between the electrodes and traversing the 
mass. .An atmosphere of hydrogen is produced by injecting 
petroleur^ spirit in the form of a fine spray into the furnace. 

(abb's Furn<ice..--ln this furnace, which was specially designed 
for frie manufacture of phosphorus, the electric current, instead of 
traversing the whole of the mass, passes without interruption into 
an intermediate circuit of great lesistance, such as a cylinder of 
retort charcoal placed above the charge. This cylinder becomes 
incandescent and the arch of the furnace deflects the heat as in a 
riVerberatory furnace. 

fi riite’s AVoiiacc.^-Readman’s process was modified in Irvine’s 
1901 patent. Tlu! chaige is made up as in the original method; 
however, phosphates of alumina or calcium may be used indifferently 
with the silica or basic flux. The two electrodes of r(dort charcoal 
ail! suspended vertically, and their lower parts reunited at the 
begihning of the operation by coat through which the current first 
passes. When the charge has melted, the slag formed collects on 
thi! tO]) lyul r(!unites the two electrodes; that is, henceforth it is 
tilirough this slag that the current passes. The fusion is continued, 
the excess of slag is run off as it is produced, so that the extremities 
of the electrodes are never uncovered. 

Diowan's Patent. —In Duncan’s process, patented in 190.'i, 
seventy-seven parts of giound phosphate are taken, either of organic 
or mineral origin and twenty-three parts of ground coal, these being 
mixed with tar acting as an agglutinant. The paste is dried, and 
after heating, which is done for economy in a hydrogen flame, a 
by-product of the manufacture, the product is placed ii^an electrical 
furnace; this continuously jiroduces phosphide of calcium. This 
phosphide, in contact with water in an atmosphere of hydrogen, 
'j'ives off hydrogen jihosphides which, when heated, an: converted 
into red and white phosphorus according to the tenurerature at 
which condensation is effected. \ 

I’arker's Patent .—This process, which was patented in Great 
Britain by Barker in 190*3, concerns the treatment of phosphate of 
aluminium. This phosphate is treated with sulphuric acid, then 
with a sulphate capable of forming an alum with the sulphate of 
aluminium, which is produced. All the alumina is separated gby 
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crystifllization of the alum, and before the electric treatinent. The 
residual liquid is mixed with coal or other substances rich in 
carboff; and reduced in an electric furnace. 

iiandis’ d/cWiod.—The American Phosphorus Company of 
Philadelphia possesses a factory at Yorkhaven where phosphorus 
is extracted from wavellite, usin*; a methorl designed by (i. ('. 
Landis, the company's chemist. The process, which is kept secret, 
is, as far as can lie ascertained, analogous to that of Readman as 
regards the mineral and the furnace. The wavellite (phosphate of 
aluminium) and the phosphate of calcium are roasted, mixed witli 
silica and wood-charcoal, and reduced in an electric furnace which 
is one of the subjects of the invention. In .lanuary, 1907* a patent 
was taken out to protect certain improvements in the furnace, wi li 
the view of preventing the escape of gas or vapours or their ahfoip- 
,tion by the lining of the furnace. This is realized In- the use of a 
second exterior lining made of non-ahsorhent bricks, and by the use 
of hydraulic joints for closing all the a)M>rtures of the furnace. The 
furnace is fitted with an interior lining of bricks of retort chaicoal 
acting as electrode; there are also several vertical electro<les of tRe 
same inaUu'ial, which can be regulated either<o establish a current 
through the charge or to form an electric arc. The slag is run olf 
every three or tour hours; tht‘ phosphorus vajiours are condensed 
under water. It is very prohahle that it would he necessary to re¬ 
sort to a supplementary treatinent to eliminate the alumina edn- 
tained in the charge, and that the treatment is analogous t.o*that 
used in the Parker process; this point, however, is kept secret, 

The phosjihorus made by the greater lunnher of the industrial 
processes is a crude whi^e phosjihorus having the ajipearance of 
yellow wax, containing sand, charcoal, clay, and other impurities. 
These impurities are removed in dill'erent ways, either by liltering 
the fused phosphorus under water on wood-charcoal or through a 
cloth, or by jjressing by means of sti-am the fused mass llnough 
porous porcelain, or by redistilling it in iron retorts. The best 
method of purification, howeyer, is to treat the crude fused 
phosphorus, either by a mixture of bichromate, of jiotash -and 
sulphuric atid, or by hypohromite of sodium. Some of the irn- 
jmrities dissolve, the others collecl»is a scum wlfich floats to the 
surface of the fused phosphorus. Owing to jts highly jioisonous 
nature, and the danger in manipulating white jTliosjihorus, attempS 
have been made to produce it in another form. Red jihosjihorus, 
which is not poisonous, is easily jirepared by heating to 201)' 0, 
the white variety in an inert gas in a closed vessel. It, however, 
has not the same properties as the crystalline white phosphorus, 
•A crystalline variety of red phosjihorus, recently discovered in 
Germany, is obtained by heating to lioiling a 10 jier cent solution 
o> white jihosphorus in phosphorous trihromide. This variety is. 



174 


CHEMICAL MANURES 


not poisonous, and advantageously replaces white pbosphdlus in 
the manufacture of matphes. The phosphorus industry is so recent 
in France that it is very diflicult to get statistical figures; mdJeover, 
information is meagre on the state of the industry in other counirries. 
The world’s yearly production has been estimated at between 1000 
and 3000 tons; up to quite a recent period this manufacture was 
localized abroad. The greater part of the world’s phosphorus* 
comes from the factory of Allbright & Wilson of Wednesfield, 
Oldbury, England; it was there that the Readman process was 
developed. Its annual production may be 500 tons. There are 
other big factories at Lyons, France, at Griesheim and at Frankfort, 
Gernianji. There is likewise a factory in Sweden, and others, small 
and numerous, in Russia, of which six, situated near Perm, pro¬ 
duced alx)ut 140 tons in 1890. In the United States, the first 
phosphorus factory was constructed forty years ago at Philadelphia^ 
by Moi'O Phillips; this establishment is still at work. The factory 
of .1. .1. Allen A Son was foundixl at Philadelphia in 1891, and in 
competition with imported phosphorus has furnished for a long 
time the phosphorus required by the Diamond Match Co., the 
largest match faotory*in the Unit^ States ; but in 1897, the firm 
of .\llbright A Wilson, under the trade name Oldbury Electro- 
Chemical Co., erected a factoiy of 300 PI.P. working the Headman 
process at Niagara Falls, and it is this factoiy which up to now 
hits supplied the Diamond Match Co., and furnished the greater 
part of the phosphorus produced in the United States. Recently 
that company has brought a new improvement to bear on the 
iiianufactaire, installing Irvine’s furnace, by means of which 80 
to 90 per cent of thi; phosphorus contipned in the raw material 
used can be extracted, which is a high strength rook phosphate. 
This result is comparable to that which the English factories 
obtain, extracting 81) per cent of phosphorus. There are six 
furnaces of 50 II.l’., each with a production of 170 lb. of phosphorus 
jier day, say an average total of 10(X) lb. of phosphorus manu¬ 
factured daily. The production varies according to the demand ; 
however, the factory turns out at the present time half of that 
which is produced in the United States. • 

The General* Chemical Co< has recently acquired Duncan’s 
patent, and another compaiiy is installed at Long Island, where 
they utilize for their furnaces the current which is distributed in 
the town. , 

The American Phosphorus Co. made its first installatiort at 
Moore’s Mill, near to Mount Holly Springs, Pennsylvania, where 
there is a mine of wavelUte, which it possesses. The old method 
of heating by gas is used. The factory having been destroyed by a 
fire, another was constructed and started in March, 1905. Electric 
furnaces were installed and working during 1905, but the productibn 
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•of eleetrioity by means of steam engines was found too costly, and 
in 1906 the factory was transferred to Yjrkhaven, Pennsylvania, 
wher^ electricity yielded by water-ppwer could be used. This 
conipany announces that it produces 500 lb. of phosphorus a day, 
and that it could produce 1200. The census of 1900 states that 
three factories were at work in the United States, but that of 1904- 
I 1905 shows only the Oldbury Electro-Chemical Co. of Niagara 
Falls. Besides the home production the UnittHl States annually 
imports 30,000 to 40,000 Ih. of phosphoi us, which pays an import 
■duty of 18 cents per lb. 



CriAMKR X. 

MANUFAC'l’l-RK OP BONK DUST AND OF BONK SUPEIU'HOHFHATE 
(VITUIOLIZKD BONK-i). 

( 

Thk uso &t Imdiic dust as a inaruao rows Back to somewhat distant 
timeki. It rapidly extended when IjichiR advised that it shoidd be- 
dissolved by sulphuric acid, so as to obtain more rapid and certai®^ 
cllects. At the pr<!Simt time this product has to compete against 
nitrate of soda and basic sla" Moreover, certain manufacturers- 
find it more advantageous to use hones in tlu! manufacture of glue, 
ahd to transform them into superphosphate afterwards. Whatever 
he thi! method of utilizing' hones, it is indispensable previously te> 
free them from fat, as will he seen in the sequel, 

Chemical Cnmpusilion of Hones .—The Ixnies which form the- 
framtwvork of vertehruu consist like all vegetable and animal matter 
of organic elements, and of mineral elements or of combustible matter,, 
and'of ash. The combustible matter consists essentially of osseini 
(yi(ddinf' RelatiiU!) and of fat. Bone ash is composed in ffieat part 
of phosiihate of lime. If the previously fat-extracted hones be- 
digested with dilute hydrochloric acid, the phosphate of lime is 
dissolved, and a residue of ossein is oT)tained as a white elastic 
translucent substance which consists of:— 

TABl.K XI.VUI.-CHEMICAI, COMPOSITION OF OSSKIN. 


Carbon 





Ver cent. 
50 1 

Hyilrogen . 





7-1 

Nilroj^en . 





. JK-H 

Sulphu^ . 





0*2 

Oxygen 





24*2 






10%-4 


Ossein dissolves very slowly in boiling water when tones are bailed! 
with water, and more rapidly when treated in a closed vessel under 
pressure. By prolonging the opei-ation for a sufficient length of 
time the tones can to* completely freed from ossein. A residue of 
phosphate of lime is thus obtained still retaining the original form 
of the tone. Finallv, ossein may he extiacted bv toiling \»ith 
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dilut# potash lye. On cooling, the solution of ossein*previou8ly 
concentrated by evaporation assumes a gelatinous consistency, and 
on di^ng it is converted into solid ti^hlets which are marketed as 
glu*. The ratio between the organic substance and the mineral 
matter in bones continually varies, not only with the origin and race 
of the animal- from which they come, but also in oni! and the same 
individual, according to whether the tones are hard or spongy. In 
spongy tones the organic matter is higher by 4 5 per cent than in 
hard bones; the amount of carbonate of lime is likewise higher hy 
11 per cent, whilst the percentage of phosphate of lime is less hy 
15’5 per cent. It is evident that the percentage of nitrogen and 
phosphoric acid in bones is very variable. Their hyt content, 
calculated on the dry substance, is from 10 to 12 per cent. • Berzelius 
has given the following analysis of an ox tone freed *from 
periosteum :— 

T.ABI.K XI.IX. -.tXAl.YSIS OF AN OX liONF. (HEKZKI.IFS.) 


I’er cent. 


Curtilage completely soluble in water ) 

Vessels ,, ,, j 


Tribasic phosplmle of linn- nnd a little CiiP.. 
Carbonate of lime. 


Phosphate of magnesia .... 

•-'•OA 

Soda with very slight trace of Na(M 

2-4r> 


JOO-OO 


This analysis of lx)iie that of a lx)iu! dofs jjot 
sent the averaj'e composition of the hones us(‘(l hy glue inanufactui ers, 
l)ecause the Ixnies have*nndergone vario\is treatments, such aft 
))oi)ing or fermentation, which may liave altered their nattJi'(5. 
Jlesides, Iwnes are derived from ilitferent animals. Practically 
ordinary hones receiveii in factories respond in round ligures to tho 
following analysis• 

TABLK XMX. (aI.-AVEKAGE ANALYSIS OP BONES AS SLI'BLIKU 


TO MANUKE FACTOltlES. 

• /Vr cent. 

Moisture 12 

Organic mailer.^ • 2 h 

Tfcbasic phofiphate of lime and nmgncsia . . 44 

Pat. 

Carbonate of lime, sand, etc. . . . 5 


Commercial bones always contain more or less moisture, 
butchers* bones up to much as SO percent, and they are mixed 
with other waste such as debris of skins, gut, etc. It is not easy 
12 * 
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to get ail laea of the quality by analysis owing to the difficulty of 
taking a fair average sample. The skill and experience of the buyer 
after inspection are the best guides.' Fossil bones naturalli^iffer 
from fresh hones in their ccftnposition, thus their fluorine content 
rises to as much as 16 per cent. Midler found 17 per cent* of 
gelatine in diluvian bones. 

FertUizimj Value of lianee .—The use of bones as a manure has 
been known for a long time. They have been used for centuries 
in th(! manuring of vines in the south of France. Hunter, in 
England, drew the attention of farmers to the value of tones in 1774, 
In that country the use of tones doubled and trebled the pro<luction 
of mediocre land, at a time when certain continental agronomists 
were still, protesting against what they called the spoliation 
(ijasmllage) by the bones used in fertilizing the land. England 
profited by this situation, inqiorting thousands of tons of bones at a 
very low price. .At a ciu tain perioil all the production of bones took 
the road to Great liritain, although it had itself an enormous pro¬ 
duction, and in spite of a rise in freights. In 1822, the battlefields 
of/lentral Kuro])(?, in themselves alone, furnished her with 33,000 
tons. ^ 

But the introduction of Peruvian guano, the pioneer of all other 
'concentrated manures, completely altered the situation. There is 
not now to be found a single farmer who gives to tone manures 
hII- the credit which they deserve, even when he is not indifferent 
to oliiier manures. However, uncrushed raw tones are relatively 
valueless to the farmer, since they do not become soluble in the soil 
until after a very long time. Now, in order to obtain good crops, 
th(! farmer requires rapid decomposition of the nitrogenous matter 
and absorption of the j>hosphate in the soil. The bones must 
therefore undergo an appropriate treatment. In chemical manure 
factories it is reduc(!d to a fine powder or the gelatine is extracted 
from it, and it is afterwards made into superphosphate (dissolved 
bones). The use of tones in any other form is to be deprecated. 
Bone waste (fleshy fibre), which can be often tought cheap, should 
he similarly treated. 

Storimj, Clasnifyiny, Hortimj, and Cntshing Homs. — Storing .— 
The first duty of, the manufactiper is to bring all his experience to 
bear on the storing of tones, tocause when they begin to rot they 
};ive off a smell width is very ohnoxious to the workmeip Besides, 
the decomposition of the idtrogenous matter gives rise to a dis¬ 
engagement of ammonia, and there is thus a loss of nitrogen which 
may exceed 0'5 per cent. The drying of fresh tones requires careful 
and costly manipulations^; that is why they rest content with sprink- 

’ For further aiuvlyses of bones, see “ Bone Products and Manures,** by 
.Thomas Lambert, published by Scott, Greenwood Son, London. 
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ling them with water containing 0'05 per cent of oarliolio acid or 
with* spirits of turpentine. 

Gasification of Bones .—Market hoses are classified as tol- 
lows%- 

*(1) Kitchen Bones .—^These consist of ox, calf, sheep, goat, and 
some game bones. They n.ay he fresh, dry, or fermenterl. They 
often contain 20 to 25 per cent of water. Dry bones are called 
country bones. Their content of moisture is from 8 to 12 per cent. 
They are generally crushed and often fat-extracted by the vendors, 
which is readily recognized by the opaque whiteness of the Itones on 
the outside. Fermented Imnes enter into the class of the fossil 
hones; they are unfit for glue-making, for the organic matter has in 
great part disappeared owing to decomposition and expflsuri! to all 
sorts of weather. Amongst kitchen bones are to be found ^heep 
bones and those of kids, and pork bones, which are less esteemed. 
Kitchen bones generally contain remains of horns, hornpiths, hair, 
glass, scrap iron, earth, bread, etc. Hand jiicking considerably 
enhances the value of the goods. 

S Horse Bones or Knackers’ Bones .—These bones yield a less 
)le glue than kitchen bones, and they have to bo sold cheaper. 
Ten per cent of these lx)nes are tolerated ifmongst kitchen bones. 
The fat and glue which they yield are inferior. 

(;i) Buried hlones .—Buried bones are those of anintals (ox, horse), 
which have remained a certain time in the ground to destroy.the 
flesh. They are the Ixjnes of infected animals which have assumed 
a bistre colour owing to contact with the humus in the soil. They 
are depreciated and the manufacturer refuses those with adherent 
flesh.' 

(4) Bullocks’ Heads »and Canards {Sheep's Heads) pass into 
the kitchen hone class, but they are getierally sold apart for the 
acidulator. 

(5) Scraps and Waste .—These are the residues of the “ turni‘ry " 
trade. They are in great request for acidulation and are sold 
separately. 

(6) Hornpiths .—They are used like “ scraps " for acidulation. 
They are fresh or dry. -The dry piths are ofUm fermented atfd are 
then of less*value. ^ 

Bones, therefore, in consequence of the diflerent material which 
they contain, are classed and assorted so that#the operations whi«h 
they have* to undergo may furnish satisfactory products. As the 
bones are most often mixed with impurities which are of a nature to 
dalfnage the machines, it is necessary to pick or assort them. 

Bone Picking .—In some factories the picking is done on shaking 

• 

‘The resurrection of the bones of infected animalK is a most dangerous 
practice. The earth mould from the remains of animals which have died of 
anthrax is still infectious after twenty years.—Tu. 
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tables, driven mechanically or by means of large sifting macljines, 
both appliances being fitted with wire netting having meshes of | of 
an inch. Soil and small’particles of bone fall through the gating, 
whilst horns, glass, and scrap iron are separated by hand on ^he 
shaking table, or on a revolving table placed at the end of the shak¬ 
ing table, or the sifting machine. Generally, they rest content with 
receiving the bones on an inclined endless band, along which the 
female sorters are arranged. The band moves slowly, so as to give 
time for sorting, and its slope enables the bones to feed into the 
hopper of a bone crusher. Before falling into the crusher, the 
bones issuing from the band fall on to a narrow iron plane inclined 
at 45°, divjded into two parts soldered by a copper band. Each 
of these parts corresponds to one of the poles of a strong electro¬ 
magnet situated underneath. It follows that if the iron falls on the 
inclined plane it is retained, and eliminated by the sorter who had 
allowed it to pass from the band. In this method of sorting, the 
earth necessarily follows the bones into the crusher; nevertheless, a 
certain part of the earth is removed before passing on to the band 
whfen the man feeding uses a fork with close teeth in shovelling the 
bones which have beerj thrown on to a perforated sheet of iron over 
a pit where the earth collects. Although this earth may be removed 
in subsequent operations, it is always more advantageous to lemove 
it before crushing, so as not to have pulverulent matter in the fat 
extraction and in the glue autoclaves. There is little useful matter in 
this earth, from which the small particles of bones are subsequently 
removed by finer sifting. They are mixed with bone meal for 
manure. 

I Done Crushing .—Two kinds of machines are used in bone 
crushing; one working at a alow apetti, which is the toothed 
crusher, and the centrifugal crusher at great speed, as, for instance, 
that constructed by Weidknecht. It is well to have several suc¬ 
cessive crushers with duplicate spare parts, so that if they should 
get damaged they may be replaced rapidly. The first crusher is 
the coarse crusher, and the second the finishing mill. 

(1) Slow-speed Crusher .—This consists of two large rolls formed 
by thi(!k circular toothed discs with teeth a little obtuse, alternately 
with plain discs of the same tlpckness, but of a less diameter by 
the height of two teeth ; the discs are mounted on a hexagonal 
stiel axis to form a rOll. The rolls are fitted up in such,a manner 
that the teeth of the one correspond to the circular part of the 
smaller diameter of the other. They are s^arated by the spijce 
required, to crush either coarser or finer. For that purpose, they 
are driven by steel cog-wheels with deep teeth, which allow a 
certain displacement. One of the rolls is on movable bearings, 
capable of sliding if the resistance to be overcome is too great, 
being brought back to the original position by a system of springp. 
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A g8od flywheel is necessary to overcome passing ohsiructions. 
The crushers built by Krupp attain the .same end, and are made 
of ve^' hard special steel. There are two crushers, one following 
th? other, fed by cup chain elevators in the case of the second 
crusher, so as to arrange two pairs of rolls on the same framework. 
The second crusher has shorter teeth, and its rolls are nearer. 

' The largest pieces issuing from the second roll must not l)e larger 
than a small hen’s egg, in order to ensure subsequently a pi rfeot 
fat extraction. 

(2) Very Qiikk-speed Machine .—To this class belong Weid- 
knecht’s (F.) and Carr’s. Weidknecht’s excellent crusher consists 
of a very strong framework, properly so-called, of cast-ifon in two 
pieces, the lower part or pedestal, and the upper part or hood ^these 
pieces are bolted at their point of contact. The hood is adjusted to 
» the framework, on the one hand, by a joint forming a hinge, and on 
the other hand by a screw and bolt joint. By this arrangement 
a single workman is able to inspect the machine, or change the 
grating in a few minutes. .Ul that is required is, hy a turn of ^le 
spanner, to reverse the screw of the Ixilt joint, and to lift the hood 
•which hinges on its axis. The bearings kro large and require 
constant lubrication. Moreover, to diminish the friction surface of 
the shaft, the plummer blocks arc siqipressed, and to keep up the 
lateral play they are replaced by abutment screws which are tUtcd 
to each end of the shaft and in contact with the tempered sheaths 
adjust! d consequently in the end of the shaft. 

The shaft thus maintained is Idled in its middle with a jacket 
or boss, on which fixed levers arc arranged, at the end of which 
levers hinged hammers are fixed which work like flails, the hinije 
enabling the hammer to fold itself back when at work if there is 
too much feed or if a foreign body should get into the machine. 
The mobility is also intended to keep the machine from stopping 
if the belt comes oil’, if it be not fed regularly. In fact, the hammers, 
by folding backwards, allow the fine material to pass through the 
grating arranged in the lower part of the framework ; the apparatus 
being thus freed, the shaft regains its normal speed without hiving 
to stop. The hammers thus form a lly-wheel, storing up active 
energy. The machine is fitted on its interior lateral faces by toothed 
steel plates of great hardness; these are helik in position by lioUs 
and can tlfus be easily replaced. The hood or upper part is fitted 
up in the same way on its lateral faces; mareover, it has on the 
rodf linings, likewise fitted with projections, and Jixed by bolts on • 
the shaft is the driving pulley. The machine is in fact very strong, 
and the pieces easy to replace. There is*no heating in spite of the 
speed, for the ventilation due to the motion is very energetic. The 
fineness of the product depends solely on the dimensions of the 
gfkting, which in the case of bones consvits of bars wide apart. 
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through which the hammers drive the crushed bones. A crusher 
with bars set closer acts «,s a final crusher, and, as before, a ^hain 
cup elevator serves to feed the second with the crushed bones fronr 
the first after they have been through a sifting reel. * 

It is asserted that crushers working by shock develop more 
heat than need be. With crushers such as those described work¬ 
ing at a great speed, with the bars of the grating far apart, the 
temperature does not rise more than with a toothed cylinder, tor 
the ventilation is very energetic and the friction reduced by the width 
of the passages. 

Extraclion of Fat frovi Hones .—The extraction of fat from bones 
is an indisjionsable operation, even when it is a question of merely 
convqfting the hones into dust tor the farmer. In tact, bone dust 
not deprived of its fat is of less value, because the fat decomposes 
vei'y slowly in the soil, and constitutes an obstacle to the phosphoric 
acid becoming soluble. 

Eat may be extracted from bones by three processes: (1) By 
sinfple toiling in open pans. (2) By the action of steam in closed 
vessels. (3) By solvents. The extraction of fat by simply toiling 
leaves the ossein almost intact, but generally there is only obtained 
a portion of the fat from the tones. 

By extracting the fat by steam, a higher yield of tat is obtained, 
especially if the operation be continued for a sutticient length of 
tirae,<but a portion of the ossein is then transformed into gelatine. 
Now, in manure manufactories this gelatine constitutes a loss and 
becomes cumbersome because it decomposes rapidly ; if it be diverted 
into a stre&m, it infects the rivulets. It is best used in irrigation. 
Bone dust from bones treated by steam is more soluble than that 
of bones from which the fat has been extracted by simple boiling; 
moreover, it is also more in request by farnrers. 

But this preference is not justified, for bone dust from steam- 
extracted bones is leas rich in nitrogen. The extraction of bones 
by solvents (tonzene,.petroleum, ether) gives a larger yield of tat 
whilst preserving integrally the ossein of the bones; these then form 
a powder rich in nitrogen. This process is undoubtedly to be pre¬ 
ferred whatever ,niay be the further treatment (manufacture ol 
gelatine, or manufacture of manure). It is the only rational pro- 
oass to apply. « ,, 

Extraction of Fat from Hones by Water .—This process is the 
most ancient, and recalls to mind the skimming of the cook's 
“stock” pot. In a cylindrical cast-iron pan a little wider below 
than above, there is introduced by means of a crane a basket of 
perforated wrought-iron 'containing about one-half ton of tones. 
The bottom of this basket, likewise perforated, opens in the form of 
two semi-circular pai'ts held to hinges on a cross-bar, dividing the 
basket into two equal pi.rts. These two doors are closed by hooks. 
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so to bear the weight of charge. The basket is cylindrical, a 
little smaller in diameter than the pan which contains it, and 
shor^r hy 4 inches. A strong circnjar lioop at the top supports 
th* sheet iron, and carries four strong handles, hy means of which 
the cross-piece of the crane, can lift it. The cast-iron pan is fitted 
with a gutter or throat, so as to separate the fat from the water in 
a continuous manner. The basket, therefore, being charged with 
bones in the fat extraction pan, water is run in to immerse the 
bones and steam caused to bubble in the liottom from a perforated 
steam coil. The water, brought to about 100" ('. (212° F.). causes 
the fat to rise from the bones through holes in the gutter at the 
same time as the excess of water. The fat Hows consiantly from 
the gutter by the horizontal exit tulH‘, whilst the water in the 
Ixrttom issues through a bent tube without taking any fat vfith it. 
The exit of the fat may be facilitated by a superficial push, or hy a 
paddle driven mechanically, mounted on a V(‘rtical shaft fixed on 
the side of the pan, capable of Ix-ing rotated and which may he 
raised at the end of the operation, so as to allow the basket to bo 
freely remov(“d from the pan. Th(‘ bones are extracted in this f-ay 
for aliout an hour and a half, after which •they are. removed from 
the basket to the washer. In some factories the water is slightly 
acidulattxl by an addition of snlpbniic acid. 4 litres for .01)0 kg. of 
Ixrnes (about 1 gallon for 4 ton), so as to free the grease fjoin its 
calcareous compounds. Thin'e is obtained I to .0 iier cent of tat 
according to the (jnality of the bones. The siinie water ifiay be 
made to servi! for several successive operations, and finally forms 
a hatch of gelatine size snfliciently concentrated for n*ahing glue. 
If gelatine is not manutjetured the boilings are collected and con¬ 
centrated by evaporation and aihhsl to tin- Ixme. dust as shown in 
the se(juel. But the same water cannot serve indefinitely for fat 
extraction, .\fter a certain time, it is i-emarked that the fat which 
it removes no longer rises to th(^ surface. The solution assumes 
a milky ap))eai'ance, which is a sign that it is saturated with 
gelatine and that its conoeiitration obstructs tin! ascent of tho 
globules of fat. It must then be drawn off and replaci'd by fresh 
water. Unless fresh Ixtm.'S are operated on, the fat obtained on 
extraction hy water is generallywif inferior (|U*lity; it has a bad 
odour and is more or less dark in colour. It is iiurified as indicated 
later. • * 

Fat Extractum from llomu hy Steam ,—Eat extraction from 
tones by steam is performed in large cast-iron cylinders, cajiable of, 
containing 4 to 5 tons of crushed bones, the upp'er opening serving 
for the introduction of the liones, the lower opening for their dis¬ 
charge. These openings are closed by hinged lids as in an autoclave. 
Steam enters at the top and the fat runs oil from the bottom by 
Aneans of pipes situated near the apertuje. Steam of from two to 
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four atmosjfhercB is used; for one to two hours the steam carries the 
fat with it. The condensed water, charged with fat and gelatine, 
collects in the space resolved below the false bottom and is safter- 
wards added in the manutacfure of nitrogenized superphosphaj^s, 
although the fat exercises an unfavourable influence on the dis¬ 
solving of the phosphate. This water generally contains 1 to 2 per 
cent of nitrogen and 0’3 per cent of P^O.,,. In the concentrated state 
it contains as much as 7 per cent of nitrogen, 3 per cent of ash, 50 
per cent of organic matter, and 45 jrer cent of water. The solution 
of fat and gelatine is withdrawn from time to time, and the treat¬ 
ment by steam continued until a sample of the liquid contains no 
more fat. separate the two, the different draw-offs are united in 
a wroughtdron pan with a conical bottom, fitted with a steam 
jackeW into which steam is injected, and a tap near the top for 
drawing off the tat. The object of heating is to keep the gelatine 
fluid enough to allow the fat to separate on standing. When 
separation is complete, the fat runs off by the atx)ve-mentioned tap, 
and the gelatine is run into an evaporation pan through a valve in 
the'conioal bottom of the pan. Whatever may be the quality of this 
gelatine, it may be of advantage to reduce it to a marketable form 
by a series of manipulations which the author has described else¬ 
where. 13y submitting bones to systematic treatment, all the 
gelatine may be extracted, and the resulting bone dust, almost 
destitute of nitrogen, contains 35 per cent of phosphoric acid. Bone 
dust i# often mixed with moist superphosphate to dry it. 

Some manufacturers make only degelatinized bone dust which 
constitutes excellent foot! foi' animals and a very active chemical 
manure for meadows. 

The fat extracted from bones by steatfi has approximately the 
same colour as that obtained by Ixjiling, but it is of better quality and 
has a less unpleasant smell. When the bones operated ujxm have 
oommenoed to docomiwse, as veiy fre<juently is the case, the evil¬ 
smelling products are in great part volatilized during the operation. 
Bang and Ruffin have suggested steaming combined with centrifug¬ 
ing. The fat with a little gelatine" can first be extracted in a 
centrififgal machine, then the gelatine. This process has not been 
adopted by bone-boilers, but it b* used in extracting fat from fish 
waste. 

“Exlractum of Vat from Hones by Benzine .—For a ^ong time 
efforts were made in Frarfce to extract fat from Ixines by benzine. 
Deiss used carlion disulphide, but as the bones, after extraction with 
this solvent, yielded low quality glues, the process was aliandoned. 
In 1671, Vohl suggested Qanadol (gasolene) as an advantageous 
substitute for carbon disulphide ; then in 1676 M. Terne took out 
a patent for extraction by petroleum benzine, in America, whence 
this industry spread to Europe. Petroleum benzine is somewhat 
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less dangerous than carbon disulphide, and its condensation is 
easier because it boils at a higher tempenvture. The apparatus con- 
structld by Mr. Deroy, sen., for extractnig fat from tones by 
pet^leum benzine consists essentially (Fig, 3b) (1) of an extractor 
A with a perforated false tottoin, and steam coil; (2) of a re- 



ouptrator B or distilling pan; (3) of a condemn (I; (4) of a 
pump D for circulating the solvent, Wurkiwj .—The routine of the 
operation may be outlined thus. A certain amount of water is run 
into the extractor according to the capacity of the apparatus, so as to 
preserve the coil and the taps from the attack of fatty acids. After¬ 
wards, the extractor is charged with crushedjbones free from foreign 
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matter. As spon as the charge amounts to a quarter of the cafacitj^ 
of the apparatus, the {jump is started, and a beginning made by 
drenching with benisinc tbe; bones introduced. During thfi time 
the autoclave is charged in such a way that the solvent constaotly 
bathes the bones, which enables the interposed air to escape fi-eely. 
When the apparatus is full the cover of the extractor is clos^ 
and the taj) 2d on the condenser opened. The air is allowed to^ 
escape until condensed benzine appears ; tbe tap is then turned and 
the pressure allowed to rise to kgs. on the manometre (9). 
This pressure once reached, the steam tap is closed and the ap- 
paiutus allowed to rest till morning. The benzine is charged withi 
all the fab of the bones, and tbe vapours are totally condensed. The- 
next mortling the apparatus is emptied into the distilling pan, and 
after a rest—about ten minutes—the water, previously run into the 
autoclave, and which now occupies the bottom of the pan, is with-^ 
drawn. The btmzine is then recovered by distillation and by pass¬ 
ing it tbrough tbe condenser C, by means of tbe gooseneck 13, and 
tlje tap 24; it goes to the reservoir E. The benzine impregnating 
the bones is subjected to a current of steam, which finishes by 
carrying it into tbe drstilling apparatus. When it has lieen made 
certain that nothing but water passes in the distillate, the extractor- 
is emptied, first opening the lid of the upper manhole, and then the 
tottom one. The distillation is urged until no more petroleum- 
Ije'nijjne distils. At this moment a current of steam is injected into- 
the fat by means of a perforated steam coil which carries off the last 
traces of solvent. The fat can then be drawn off from the distilling 
pan by tllU tap 21. 

■ Vurijkalwn of Hone. Fal .—Fresh bqpe fat is naturally whiter 
than the tat from ordinary country bones. It is purified by treat¬ 
ment in a lead-lined pan, with water acidulated with sulphuric acid, 
of which an excess must not be used. The fat and the acidulated! 
water are then heated by a pcrforaterl steam coil, which agitates the 
two together. After some time the tallow shows clear and no tur¬ 
bidity appears in the spoon. The. steam is then shut off and the 
whole allowed to stand. The mixture of tallow, gelatine, organic 
matter, and phosphate of lime, and of fatty acids combined with 
lime, is destroyed, the gelatine its attacked by the acid, and the lime 
ig precipitated as sqiphate of lime with various impurities. .After 
sufficient resting, the layer of fat is separated by meads of a pipe 
hinged to the di-aw-qJT tap which is at such a level that it enables 
the pure fatty Iqyer to be run off the surface, water and sulphate of 
lime remaining behind. The purified grease fails into a wooden 
vat lined with lead, where it is washed several times with boiling or 
simply tepid water. .After which it is allowed to stand and drawn off 
as before into casks for use in soap w-orks or candle works. 

Bon • fat is often bleached as follows:— 
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the melted fat mixed with half its volume of water, 2 5 per 
cent of chlorate of potash is added and enough hydrochloric acid to 
decompose the whole of the chlorate> An excess of this acid ia 
addM to neutralize calcareous compounds. The fat is purified 
and whitened with 2'5 per cent of chlorate and a semi-tint ohtivii\ed; 
with 5 per cent of chlorate a whiteness of the fat is obtained 
analogous to that of lard. It is washed several times with water, 
until the wash water is free from chloride, which is recognized by 
iodide and starch paper. Bleaching by sunlight is eq\ially energetic. 
The tat must be run into shallow vats which are exposed to the 
light. Agitation in presence of ozonized air also constitutes a 
method of bleaching. At the normal temperature bone fat is soft, 
unctuous, and does not easily Iwconie rancid. .Although insjluble 
in water, it contains aliout 2 per cent of water, which it is im- 
> possible to eliminate even by beating to 100" C. To obtain it in 
an anhydrous state, it is necessary alter having relined it to beat 
it up to 150 C., and to maintain it tor some time at that temiiera- 
ture. But it is easily disposial of even when it contains a liyilc 
water. 

Maniifarliire of Hone. Dust. —Fat-ext™*ted non-degelatinized 
bones are reduced to powder which passes through a No. 00 sieve 
and dispatched to farmers without other treatment. If, on the 
contrary, the bones have been deprived of the greater part of their 
nitrogen, they decompose with dilliculty in the soil, and it then 
better to convert them into superphosphates. The crushers used 
being the same in Iroth cases, the reader is referred to the description 
already given. Tire mode of action in the soil of the mfn-degelati- 
nized Ixnie dust is based, in the first instance, in the solnhilityhf 
phosphate of lime in putrefying gelatine. It lichaves to a certain 
extent like raw Peruvian guano, which has already lieen described, 
and in which the basic phosjjhate of lime is rendered soluble by the 
nitrogenous elements which accompany it. The. hone dust in the 
soil, owing to its relative insolubility, is distinguishisl fty this 
peculiarity, that its phosphori* acid is not readily extracted by the 
soil; it can thus penetrate into the deeper layers, whilst ever^'tither 
form of phoSphoric acid is utilized in the surface soil. This property 
of bone dust is sometimes of gAat Irenefit to’the farmer. The 
cropping in the same soil during several sucqessive years of plants 
with lap roots may have exhausted the suirsoil of phoB))horic acid. 
In that case bone dust furnishes the means of replenishing it with 
th4t element so necessary' to vegetation. The fiuer the Irone dust • 
the more easily is it dissolved and decomposed. Coarse powder only 
acts feebly, but its action is appreciable for several years. The 
fine powder decomposes rapidly in the soil and acts energetically 
the first year. That is why farmers always require a fine powder, 
ft is to the interest of the manufacturer to »uit them by attending to 



188 


CHEMICAL MANUEES 


the crushing and the grinding of the powder. Bone dust mad^ from 
fat-extract^ bones has, the following composition, accordine to 
Holdefleiss;— , 


TABLE L.—ANALYSIS OF BONE DUST FBOM FAT-EXTRACTED BONES. 


NitroKen 

Per cent. 
414 

PhoBphoric acid . 

21*08 

Water 

«*51 

Organic matter . 

36*29 

Carbonic acid 

2*30 

Sulphuric acid . 

0*41 

Licne 

27*83 

MagneHia . 

0*68 

Oxide of iron 

0*37 

Fluorine 

0*53 

Sand . 

3*60 


4.5 per cent CajP-jO., 
and 1'43 per cent Mg.I’.O, 


Stored and fat-extracted bone dust does not contain more than 
■2 to .3 per cent of fat. 

* The ertioiency of lx)ne dust as manure has been the subject of 
many discussions. P* Wagner and Mercker seem to have under¬ 
estimated its fertilizing value, whilst other experimentalists have 
obtained excellent results. According to recent experiments, it is 
recognised that the efticacy of bone dust was perceptibly increased 
byUn addition of solvents; nitrifying bacteria likewise intervene. 
A small quantity of the solvent (sulphuric acid) suffices to give to 
bone dust a remarkable activity, as experiments on this point testify. 
This agenUhas the effect of disintegrating the bone dust, and render- 
irrg it soluble in citrate. Stoved bones, nejther fat-extracted nor de- 
gelatinized, do not dissolve in a satisfactory manner. The organic 
matter of such lione dust is transformed into a gluey matter very 
difficult to dry. 

Classijicatiim 0 / Horn Dust. —J. Konig has proposed the follow¬ 
ing classilication of lione dusts :— 

1. Normal Hone Dusts, or Hone l)usl No. 0.—Those bone dusts 

which are made from bones which have not undergone any treat¬ 
ment Tor the extraction of gelatine, containing 4 to f>3 per cent 
of nitrogen and 19 to 22 per cent of phosphoric acid, in which, 
moreover, after deduption of the matter extractable by chloroform 
the two factors are as 1 ; 4 to 5‘5. * 

2. Hone Dusts (without any other desiyuathn ).—Those bone 
dusts which contain 3 to 4 per cent nitrogen and 21 to 25 per ctot 
of phosphoric acid, and in which after d^uction of the matter ex¬ 
tractable by chloroform, the ratio of the nitrogen to the phosphoric 
acid is 1 : 5'5 to 8'5. 

3. Deyelatinized Bone Dusts .—Those which contain 1 to 3 per 
cent of nitrogen and 24|to 30 per cent of phosphoric acid, and if> 
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wbicl^ after deduction of the matter extractable by chlofctorm, the 
ratio of the nitrogen to the phosphoric acid is 1 : 8'5 to 30. 

To^hese kinds of bone dusts must be added the bone dust made 
in Mme countries from raw bones. However, there is sometimes 
8ol*as raw bone dust the waste from bone-black making, after the 
extraction of the fat by benzme. Nothing should be designated as 
raw bone dust unless actually made from raw bones. [The bone- 
black factories sieve the bone dust from the meal or granules l)cfore 
chairing the bones, as the dust is not so efficacious a decolorizer 
as the granules.] 

4. Mixed Mannre Dnsts. —The manure dusts which after deduc¬ 
tion of the matter extractable by chloroform containing 1 per cent 
of nitrogen as ossein, and in which the ratio of nitrogep to phos¬ 
phoric acid is from 1 : 30, should not be designated as bone iosls,. 
but as mixed manure dusts. 

Meat Dust {Meat Meal). —An exception to this rule is formed 
by the manure prepared in the manufacture of meat extract, and 
which ought to lie designated as meat dust (meat meal), which suf¬ 
ficiently differentiates it from the above-named bone dusts. Thais 
established, the differentiation of the different (jualities of lione dusts 
is very sharp, and they are no longer contused with mixture of 
horn, hair, etc.' 

Adulteratian. —Bone dust is the subject of numerous sophistica¬ 
tions. Finely crushed gypsum and corozo (vegetable ivory) powder 
are often found therein, substances which it is impossible tb re¬ 
cognize by the naked eye. In that case the analysis of the product 
shows that its percentage of nitrogen and phosphoric acii^is inferior 
to the normal, for corozo only contains 2'44 per cent phosphoric 
acid and 0 96 per cent ititrogen, and gy'psum contains neither of 
of these ingredients. But the most frequent adulteration consists 
in adding to it phosphorite, or the phosphatic lime of the glue 
manufacturers, or a mixture of phosphate of lime and greaves. As 
all these products are rich in phosphoric acid, their effect is to in¬ 
crease the total phosphoric acid of the product, and to iliminish 
considerably its percentage of nitrogen. To hide as much as ])Ossible 
the differenqp between the two elements which would be rctealed 
by analysis, sophisticators resort t^sulphate of ammonia. But, as 
already pointed out, the essential element besides ])hos])horic acid 
is ossein, fix gelatine, which cannot lie replaced by nitrogenous 
debris of animal origin, and far less by sulphate of ammonia. The 
tdxffe sophistications are therefore very prejudicial to the farmer, 
even if he receives in that way more nitrogen and* phosphoric acid 
than furnished to him by normal bone dujt. The mixture of phos¬ 
phorite or of phosphate of lime and ammoniacal salt can never 

' Foranalyses of boiled and etenmed bones, benzine extracted bones, see 
“ Bone Froduots end Manures,” by Thomas Lanibei|(, published by Scott, Oreen- 
wood i. Son, London. • 
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replace bone dust. No more can the mixture of phosphate o^ lime 
and greaves replace it, for the nitrogenous elements of this mixture 
do not consist of osseki, but rather of a substance analogous to 
horn. • 

As regards the impurities, sand, etc., and the degree of moifture 
they should not exceed certain limits. Like all pulverulent sub¬ 
stances, Iwne dust absorbs moisture from the air and the manu¬ 
facturer cannot he responsible for it. The normal moisture is 4’7 
and the percentage of sand 2'4 per cent. 

Manufacturimj of Hone Superphosphates .—As just observed, bone 
dust differs in composition with the nature and quality of the bones 
from which it is derived and the method of manufacture. In 
normal IxJne dust, the ratio of the nitrogen to the phosphoric acid is 
as 1^ 5. ’(Jenerally, however, there is found 0’5 to I'O per cent of 
nitrogen from different debris of animal origin. Bone dust of this 
nature may be delivered to farmers without other treatment. But if* 
the ratio between the nitrogen and the phosphoric acid is less, say 1 
to (i, or beyond (Holdefleiss found a sample was 1 : 2.'1'55), it is a 
pijpof that the Ixmes were too much degelatinized, and the dust is 
of less value if used directly as manure. It would behave in the 
soil like a mixture of'normnj Ixme dust and phosphorite powder, 
or if its percentage of nitrogen has been artificially increased, as a 
mixture of normal bone dust, phosphorite and of dried blood. All 
thf phosphoric acid in excess above the ratio of the proportion of 
ossein nitrogen to phosphoric acid should lx; regarded as raw phos- 
hate, and of no value to the farmer. 

But these kinds of bone dusts yield excellent results if converted 
into sujHjfphosphates. In fact, if all the phosphoric acid Ite dis- 
wlved, the latter has no need of ossein i« the soil; the bone dust 
so treated constitutes a nitrogenized supeiphosphate. The manu¬ 
facture of hone superphosphate (pure dissolved bones) is very simple 
at first sight. The Ixjnes, previously crushed and degreased, are 
reduced to {Kiwdor by meatis of a steel ball mill, or by a Carr’s 
disinU'grator. The jjowdor yielded by the cnisher is then pas.sed 
through a No. 00 sieve, and the core leturiuxl to the crusher, which 
finally reduces it to the desired fineness. 

The l)Oue dus^ is then mixed with the desired amount of dilute 
•sulphuric acid, using the same mixer as in making mineral super¬ 
phosphates. But Iwno dust does not behave nearly ^so well as 
mineral phosphate under the action of the sulphuric acid. It 
has already been poiated out that mineral superphosphates contain 
free phosphoric acid, which renders them moist to the touch. *To 
this drawback, another is added in the case of bone superphosphate, 
the sulphuric acid converts the organic matter into a viscous mass, 
which prevents the di-ying of th'e superphosphate. Also, owing to 

the fact that the action iff the nnid is vnrv pneroptie and the mass 
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swell* considerably it is necessary to place a much smaller charge 
in the mixer. It may also be remarked that the mixture tends to 
set ramdly, and this may need the addition of more water than is 
altoeetner desirable in order to keep it* sufficiently fluid to run out. 

A multitude of methods have Wn tried to eliminate this draw¬ 
back, but the greater number have failed. In this way it has been 
tried to dry the superphosphate with sand, lignite, ash, and other 
analogpus pulverulent matters. But the addition of all these sub¬ 
stances not only diminishes the percentage of nitrogen, hut it opens 
the door to sophistication of alt sorts. It has been given up. 

Another way of attaining the same object, proposed hy liumiiler, 
was the use of bone-black. -■Is this material possesses considerable 
absorptive power for liquids, it may lx; successfully used to dry 
manures with a tendency to remain damp. The bone-black •»! in¬ 
corporated thus: The bone-black is first incorporated with the 
quantity of sulphuric acid required to dissolve its phosphate, at the 
same time as that for the bone dust. When the decomposition of the 
black is finished, the bone dust is incorporated with the mixture. 
If any insoluble phosphate remains undissolved, it is hone ))hBs- 
phate, which becomes readily soluble in the soil. Bone-black, how¬ 
ever, has the decided disadvantage that it produces a black manure 
to which the farmer strongly objects, Irelieving that it contains soot; 
the best material to use for drying the manure is hone ash, which is 
almost white. • 

If it he desired to increase the amount of nitrogen, the gefatine 
extract obtained hy steaming latnes may he a<lded to it. But, so as 
not to introduce too much water into the manure, care i'j taken to 
reduce its volume to a third hy evaporation, and to use snlphur'c 
acid of high strength. Ffiially, it is preferable to secure! the drying 
of the phosphate hy only dissolving it incompletely. In that case, 
onlv ^ or j of the sulphuric acid required for completely dissolving 
the phosphate is used. 

-Again, the addition of a little nitrate of soda 1 : 2 per cent con¬ 
siderably accelerates drying, but the evolution of nitrous fumes 
must then be taken into accouht, as they are very injurious to the 
work-people and moreover constitute a loss. 

Bone superphosphate dries spoptancously in the heaj), and at the 
end of a month the reactions of which it is the seat are terminated. 
It suffices then to pass it through a Carr’s ofusher, and to sift'It 
to reduce it to a pulverulent form. 

^Mixture of Bone Superpliosphale (Dissolted Bones) and Nilro- 
tjerums Matter.—Bpae dust from steamed bones' contains on an 
average only 3 to 4 per cent of nitrogen. , It does not contain more 
than 2 per cent after its conversion into superphosphate. It is 
small compared with the 15 to 17 per cent of soluble phosphoric 
ajid which accompanies it. Manure manufacturers, therefore, 
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increase tHb percentage of nitrogen by the addition of substances of 
animal origin.* But in Great Britain the manure then ceases by 
law to be dissolved bouef and enters the class of dissolved boife com¬ 
pounds, and in this latter dabs the units of nitrogen and phosp^rie. 
acid are paid for at a much lower rate than in pure dissolved bones. 
From a manufacturer’s point of view, therefore, it is better to use 
these nitrogenous adjuncts in making dissolved bone compounds in 
which little or no bones are used, the bulk if not all of the phosphates- 
being derived from mineral sources. By this means the enormous- 
amount of daily waste from animal sources in large towns can be 
restored to the soil. The process is as follows: The bones, as they 
come from the digesters, are mixed still moist with acid of 50° B., 
and the nitrogenous matter added. These nitrogenous matters are 
thosaalready studied, but their treatment differs a little from that 
applied to them when used alone. 

niood ,—After coagulating the blood by heat in the manner 
described later, it is added to the bone dust in the proportion of 
300 lb. of fresh blood to 250 lb. of fresh bones. The bone super¬ 
phosphate thus obtained is rich in nitrogen ; it contains in the dry- 
state 4 to 5 per cent of nitrogen, and 9 to 11 per cent of phosphoric 
acid, and only 0 51 per cent of insoluble phosphoric acid. The 
bone superphosphate to which blood has been added, dries much 
better; this latter therefore furnishes a means of obtaining a 
perfectly soluble powder richer in nitrogen. If it be desired to 
still ftirther increase the nitrogen and to bring it to 5 or 6 per cent,, 
for example, the difference can be made g(X)d by an addition of 
dried bloody, meat meal, or an ammoniacal salt. The addition of so- 
much blood would cause this manure in Great Britain to fall into 
the class of blood manures; at any rate, S manure with only 9 to¬ 
ll per cent of phosphoric acid (say 20 per cent of soluble phos¬ 
phates), and no insoluble phosphates, would never pass muster as 
a genuine dissolved bone. All these animal substances the British 
manufacturer combines with mineral superphosphate and sells as 
dissolved bone compound, or in this case possibly as blood manure. 

IJorn .—Although horn previously steamed may be easily crushed 
in thrf llatstone mill, it is better to add it in the state of flour to- 
the finished superphosphate, because if added before grinding it does 
not distribute itself so well as blood. Wool dust and analogous- 
wliste are preferably treated like leather waste, for they aw? too bulky 
to be treated by steam. 

Leather lFa«te.—^t has already been observed that ground 
leather prepared *from tanned leather is one of the least active of 
nitrogenous manures. I'®®* treated as follows: The 

leather is charged into a large Igaden pan capable of being heated 
by a double bottom or by a lead coil, and moistened with sulphuric 
acid of 50° to 60° B., and the whole heated to boiling. The leather 
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rapidlt' dissolves to torni ii biowii li()uid, which is diaiwii off hy a 
tap a little helow the false hottoni, and wlvch is used in place of 
oiditiai^ sulphuric acid to dissolve Uie lx)nes. This method of 
treatling leather presents great advantages. It enables the manu¬ 
facturer to preserve, in the form of an extract, all the nitrogen, which 
would otherwise he lost. Besides, and this is an, im))ortant point, 
the tannin opposed to the decomposition of the leather in thi! soil ia 
destroyed. Flesh, lungs, livers, spoilt greaves and othei- waste are 
dissolved hy the acid in th(‘ same way as leather and inav he used 
in a similar manner, (ireaves are particularly rich in nitrogen. 
They often give up as much as 10 per cent of fat to the sulphuric 
acid used to decom])Ose them. If sulphate of ammonia l<t> >ised to- 
increase the nitrogen content of dissolved liones, it likewise caj( he 
dissolved in the snl))huric acid, whilst nitrate of sorla can only he 
(idded to the linished product. The mixing is then done hy means 
of the crusher or hy the toothed roller mill. Hair, horn, and wool' 
waste are also dissolved hy the acid. The solubility of the organic 
matter is greater in nitrous sulphuric acid than in sulphuric aej)] 
alone. For om; part of thesi; inat(“rials, two ])arts of nitrous, 
sulphuric acid at oO' or liO B. should ho taki^i. and if there he noj 
nitrous acid at disposal residual sul))huric aci<l is fortilied hv an 
addition of 2 per cent of nitrate of so<la. 

Animal Charcoal. Uoinmercial animal charcoal comes alnu^st 
exclusively from sugar refiners and glucose factories. To purify Uieir 
juices, the refiuei-s use largi; amounts of animal charcoal. I n the new 
state, that is to say, freshly calcined, the black possesses a very ernsr- 
getic decolorizing power. But this property is attenuated hj use. To 
revivify the black, iind to restore to it, at least partially, its decoloriz” 
ing and purifying projjerties, it is fermented, tn'ated hy acids, 
washed, then again calcined without access of air. Thus revivifying 
operations give rise to an important waste under the foi ni of a fine 
powdiu", which is sold as manure. .After a series of revivilicaf ions, 
the granular black is itself spent, riwivificatioti being powerliws to 
restore to it its initial propertiivi. ]'’ormerly animal charcoal waa 
in current use in sugar works, hut within the last fifteen yeiuk it 
has compli.dtdK' disappeared. The refineries alone continue to use it, 
and conseipiently it is not so irnportknt a manure as formerly. The 
composition of this product is very variahid, according to thd 
methods of fiianufactnre of the sugar refim-ries. .As the char dust 
(revivification) waste comes always from the surface of the granules 
of bteck, and as these parts are the most attacked, hy the hydro¬ 
chloric acid used to purify it, it contains an imjjortant )jroportiori 
of carlxm, hut less phosphatt^ of lime, tllan the granular black. 
Moreover, it contains much sand. None the less, it is in much re- 
<|uest for the manufacture of superphosphate, because it can he 
tre«,ted without any previous preparation. S])ent char contains 2.0 
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to 75 per cent of phosphate of lime, 1'5 to 15 per cent of cartK>nate 
of lime, and up to 1 per cent of sulphate of lime. Spent char dust 
contains much less of these ^substances. As the granular Char re¬ 
moves nitrogenous impurities from the saccharine juices, if also 
contains up to as much as 1 per cent- of nitrogen. Some analyses 
of animal charcoal, both before and after its use in the clarilication 
of syrups, are given in Table ]jI. 

TABLK U.—ANAhYSKS Oi’ NKW AND UHKD AND Hl'ENT BONE 
CHAU. (I'lEUUK.) 



1 

Nitrogen. | 
, l’t*r cent. 

(Whoii aud 
Orgaiiic 
Mattcr 
(includittg 
Nitrogen). 
Per cent. 

: F’lio.sphatf- 
of 

Lime. 
IVr l ent. 

; (larlumaUt 
i of 

Lime. 

1 I’cr rent. 

Vavioiis ' 
U<H1- ; 

stitueiits. • 
IVr cent, i 

•tJImrciml, line, new . 

M2 

11-t; 

7;m 

H-0 

7:i 

,, oneo UHeil 

1-^5 

211 

(54 m; 

0-4 

7-‘) 

Cliarenjil, fine, new . 

' 1-22 

ii'B 

72-2 

r>-:4 

1 10-5 

„ (ince UKO«l 

2'HH 

n2'0 

r)-L7 

4-2 

i 0'4 } 

,, twice lined 


■42-2 

4()-0 

M'H 

8*5 1 

CliHi'ciml, fine, new . 

i'»ii 

i 11« 

7.vn 

7-0 

i:5-4 : 

*■ ,, once UHed 


1 iH\"2 

o2M5 

lOM) 

lO'l 

‘,, twicff iiKod 

n-iH 

42*0 

47'») 

4--) 

0-2 


lime,’Ash. —Tlu^ immense iirairii's of South .America support 
liumerous wild herds of cattli^; fOIIO head of cattli- per inhahitant 
can he counted in many of these countries. The animals are 
slaughtered for their horns, their skins, and their fat, the flesh being 
rarely utiliz(:<l for human fooil. It is left to rot, or usually becomes 
food for wild animals. Tlu- hones are dried and used as domestic 
fuel and also in the tallow smelteries, sugar factories, etc., for other 
fuel is scarce in these districts. It was thus that 100 to 200 years 
ago hillocks of boiut ash had accumulated near dwdlings for which, 
till a short time ago, no use whatever had been foimih- Jlut owing 
to the enormous'extension of th'e use of chemical manures, the value 
,of these ashes has ,he(m fully appreciated. They are sold to out¬ 
ward hound ships, who jturchase them as ballast. .A# they are in 
the ptdverident statf, liones are also mixed with them, as by doing 
this they are rendered less cumbersome. » 

The pressing demand foi- this excellent waste by chemical 
manure factories has largely diminisheil the stocks ; on the other 
hand, bones are now utilized te Iretter purpose, the residt being that 
bone ash has almost <lisappeared from the market. Five samples 
of l)one ash analysed by Voeloker had the following composition-:— 
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TABLE UI.—SHOWING THE COMPOSITION OF FIVE SAMPLES OF 
. BONE ASH. (VOELCKEtt.) 



Per cent. 

11 . 

Per vent. 

III. 

Per cent 

IV. 

Per t ent. 

V. 

Per I'cnt. 

Water .... 


OdU 

15-841 


10-30 

Organic matter . 

iWj 

1-75 

‘2()8 

3‘83 

Phoaphoiic acul. 

35-38 

33‘HU 

8*2 did 

881*2 

•23-50 

Lime. 

41 *27 

33 *'5.3 

37-84 

44-47 

84-48 

Lime not combiueil with 






phosphoric acid 

3-53 

:i‘47 

1-32 

4t5- 

1 -0-2 

Magnesia .... 


0-37 

1*48 

‘ 


.‘Vlkalta .... 

— 

1*33 

0-84 


• 

Oxide of iron ami silica | . 



0-21 

^ 5-37 

4-40 

►Carbonic acid . • I • 

3-01 

0-78 

0-84 



Sulphuric acid . . J . 



0-37 J 



Sand. 


H-3I 

«;‘5() 

8 -ltO 

20-34 

riiosphate of liiiR* 

100‘()0 

7*>‘d5 

73‘4*2 

](f0-()0 

7()‘47 

• 

100-00 
8*2‘.53 

100 -00* 
04-01 


By picking out the bit,’ lumps, wliicli consist oMilmost pure bone 
asb, a product containint; about HO |ier cent of phospbate ol liigo 
is obtaiiu'ii. Tbc fine powebu- wbicb (contains almost all tbe mud 
is, naturally, less rich in phospbate. Bone asb is chiefly used for 
makine precipitated phospbate of lime, accordinf,' to the method 
described below. It is woi’tb about td per ton. * 

Bone ash is very bard and dillieult to firind, besides it is always* 
Wet by absor))tion of moisture a)i))arently from tbe air, and is best 
dried on the engine steam boilers, over wbicb for tbe time bein',' it 
acts as a non-conductin},' com]]osilion. Jlonir asb yields an excellent 
superphos])bale with about 40 per cent of solubb' ))hospliate anti 
1 per cent of insoluble. It is sometimes a little difVicnIt to dry, but 
it does so readily in tbe kiln. .The mantire inamifaetttrer keenly 
feels tbe want of _su))plies'of this most valuable ))roduct. .At*‘in¬ 
expensive machine that would burn s])ent char to bone ash clieaitly 
and rapidly would supply a ttreat w*ant atnl etitible spent char to 
fill the place of Ixtn* ash, wbicb it cannot no«v do, as its coloti* 
debars it. Botie ash stiperpbosjihtite, it is neitdless to say, never 
retrogrades. • 

Manufacture of Piecipilaled I'iionpliatc of Limi .—Precipitated 
or basic phosphate of lime is a by-product of the manttfacture of 
glue. If hydrochloric acid be jtoured oil fat-extracted hones, it 
dissolves the phosphate contained therein. An acid solution is 
then obtaineti of phosphate of lime, and as a residue the nitroge- 
notfs matter, ossein, which is converted into •gelatine and dissolved 
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by boiling witn water. Formerly, the acid solution of phosphate of 
lime was not considered .of any value, and to get rid of it, no better 
outlet could he found than to run it into the river. But now the 
phosphate of lime is recovered by precipitating it from solutiCn by 
caustic lime. Unfortunately, the mahufacturers are not sufficiently 
careful in working; the phosphate of lime which they put on the 
market often containing 12 to 15 per cent of carbonate of lime, or 
of caustic lime, and a large proportion of calcium chloride, which 
render it less fit for manure manufacture. The analysis of one of 
these products furnished the following results:— 


TABhE Ltll.—ANAIASIH OF PIIECIFITATED PHOSPHATE OF I.IME. 


Water and organic matter 

Per cent. 
26’20 

PhoRphate of lime . 

) 

Phosphate of magneHia . 

217 

Phosphate of iron 

5*30) 

Sulphate of lime 

2*07 

Carbonate of lime . 

O'ftW 

Chloride of calcium 

3*50 

liime .... 

0*4C. 

Potash .... 

0-21 

Soda . . * . 

0*20 

Insoluble 

5*42 


100*00 


of which nitrogen, 2'68 per cent, < 
phosphoric acid, 28 per cent. 


The nSaterial from which this was made was certainly not pure 
bones, but lately the manufacture of phosphate of lime in glue 
factories has been perceptibly improved, and the product put on 
the market is of better quality. Pi ecipitated phosphate of lime is 
also made from phosphates unfit for converting into supmphos- 
phates, and from bone ash, but in the former case the impurities 
contained in the raw material, such as oxide of iron and alumina, 
are likewise dissolved, and remain in the product. 

The manufacture of precipitated phosphate of lime consists, as 
already mentioned, in decomposing phosphate of lime by hydrochloric 
acid, and in separating the chldvide of calcium after the equation— 

" Ca 3 (B 64 )., + 2HC1 - 2CaHP0, + CaCl,, ‘ 

The phosphoric aciti is precipitated from its solution bj' mil,k of 
lime. The neutralization must be done with care, for it requires 
but a slight excess of Ipne to form an insoluble phosphate—one 
part P.jOj requires 0 4 of OaO, as the following equations show:— 

CaH4(P0,)„H.,0 + CaO + H..0 = Ca.,H„(P 04 ), 2 H „0 
GaH.CPO^laH;© + 2CaO ' = Ca.;(Pb 4 ), +' dHp ' 
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To prejiare the acid phosphoric solutions, a wooden vak is fitted 
■with a mechanical agitator, also of wood. No mechanical agitator 
is, however, required working only with .bones. The hones are 
covered ^jompletely with an 8 per cent solution of hydrochloric 
acid, *nd left in contact for two to three days. .\11 the mineral 
matter is dissolved, whilst the ossein, a white soft substance, remains 
lundissolved. The benzine fat-extiactwl bones decompose more 
easily than steamed bones. The decomposition is ascertaincHl to 
be finished when a hollow bone placed at the surface as a sample 
is soft and supple, and shows well tlui characteristics of swollen 
ossein. The solution is then run off through a tap in the bottom 
of the vat, the ossein is washed with the smallest possible amount 
of 4 per cent hydrochloric acid, and the liipiid is collected hi a tank. 
The wash water is used afterwai'ds to dilute the strong byili’ocbl^ric 
acid, that is why a more methodical extraction is not pursued. .-Vs 
♦d the quantity of hydrochloric acid, a little more than the theo- 
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I ^ I 
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iMii. il7. -I'liuit torMiimifieSuiv of I'l'Miiilatcl rlwKplmtc ijf l.iiiir. i 
l.nU Je clutiix -Milk lit l.imc. Hite ilf hri'cipilaliim I'rec.ipilalioii Viit. 
lUic ciiiUcfrur - Collfutini; Vitl. I’uinpc rinnp. ^ 

retical iniantity calculated/m the lime niust be used. \\ ben tbif 
nbosphate is linallv ground, solution is eilected in ten to fifteen 
minutes ■ it is pumped into a filter press by means of a pump witfi 
lead lining. The phospbatic solution is collected in an open 
lead-lined vat, not too deep, in whicb it is neutralizwl by milk of 
lime. To precipitate the Ca.,H,(l>(),)., milk of lime is added in qua.i- 
tity just sufficient to neutralize Oie free IKd, the HCl used and the 
phosphoric acid content of the substance >>«»>« h""-«'>« 

molecule of «aO is added for each molecule, of CaH,!1 or 
this inin)ose there is installed orf a level with the top o^t th. 
neutralizing, vat a second lead-lined vat fitted .with a tap Iq ctn. 
above the bottom, in which a milk of lime is priqiared, which is run 
into the neutralizing vat, care being taken to sVr the 
lattdV. To make sure that enough milk of lime has been ad^ed, a 
sample is filtered from time to time, and tes^ with mi^ybdate, o 
phenol phthalein if the product required ts Ca,l ,0g. To work m 
i continuous fashion, two neutralizing vats are installed helow the 
milk of lime vat; the latter is then fitted vfith two delivery pipes. 
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which ar# closed when needed by a cork stopper. When t}ie con¬ 
tents of onti of the vats is being neutralized, the second is being 
lilled with phosphate «plution from the filter press. If excess of 
milk of lime be added, it ia easy to remedy it by running^in phos¬ 
phate solution from the other vat. Finally, there is installed<)elow 
the neutralizing vats a pit or collecting vat into which the neutral¬ 
ized solution runs through a pipe fixed in the bottom of each of 
the two above-mentioned vats. To neutralize the solution as exactly 
as possible, a milk of lime of lo° B. = about 16 per cent CaO is 
used, of which enough is added to leave the solution just faintly 
acid ; when the liquid is clarified it is decanted from the precipitate, 
and the neutralization finished apart. The first precipitate is 
Ca^H^il'Oj).^, the second is partly CajfPO^)-. From the collecting 
vat ^he neutralized material is drawn by a suction and propelling 
pump and forced into a washing filter press in which the precipitate 
is freed from adherent calcium chloride by washing with waterf 
followed by steaming. The precipitate is readily removed from 
the liquid. The cakes extracted from the filter press are dried at a 
ipaximum temperature of 60“ C. (140° F.) best in the steam drying 
machine. 

They are converted into a fine friable powder containing 30 to 
40 per cent of F^Oj. At a higher temperature the Ca.jHjfl’O,), be¬ 
comes slightly insoluble owing to formation of Cs.^PjO-. Svhen 
lo,cal facilities lend themselves to it, the vats are installed in such 
a fa*ihion that the liquid can run from one to the other. The last 
filter press for the precipitate is then at a sufficient height for the 
cakes to fall directly into a truck, which conveys them to the drier. 
The precipitated phosphate is soluble in a solution of citric acid. 
The manufacture of this product has been the object of numerous 
researches and several patents. 

\ precipitated phosphate! manufactory requires :— 

1 ball mill. 

2 agitating vats. 

10 filter presses of 2.60 litres (05 gallons). 

5 pumps. 

2 lime vats with stirrers. 

2 collecting vats. 

1 steam dryer. *' 

4 pits with agitators, 2 metres x 2^ metres. 



CHAPTKK XI. 

MANlU'.\CTUliE 01' li.ASIC SI,.\(1. 

.1 Itelr.ispeclire (llance .—In tlu! early days of the application of tho 
Thomas and Gilchrist process, the basic slae from the dpphosphor- 
ization formed large heaps for which there appeared to'he no use. 
(inidually the idea was evolved that it might h(^ used as a mifmiro, 
blit agronomists did not at first strike upon the true melhoil of 
utilizing this waste. The\' imagined, by analogy, that, as with 
mineral phosphates, it would he necessary to submit it to a similar 
conversion to the latter, lint looking to thi' nature of the s^ag 
itself, one would not dream of converting it into su]x‘ri)hos])hate. 
Precipitated phosphate of lime, was thi'refore made from it by 
Scheihler's patent, which was put on the market as Tlmiiias’ precipi¬ 
tate, either alone or mixed with nitrate or sulphate of ammonia. This 
precipitate, pre))ared by the Pertilitas Company, tested .'12 to 115 lair 
cent of phos]ihoric acid, of which .SO to 90 per cimt was sfjluhlu 
in citrate. In May, IHH5, The .Vnglo-Contineutal Co. took up tho 
sale of the new product, hut in spite of the su).iport of this powerful 
company, Thomas’ precipitate did not prove to he a gri^it success, 
more especially because uf its high ]irice. /kt the same time, G.‘ 
Iloyermann and Heinrich .\lbert commenced researches to deter¬ 
mine the fertilizing value of the basic slag in its natural state. 
Iloyertnaim engaged a certain number of farmers of the province 
of Hanover to spread finely ground basic slag on marshy lands and 
meadows. On his part, Heinrich Albert, who had for a long time 
recognized the solvent role of* the acids elaborated by tho roots of 
plants, devoted /leveral years to the study of the action exerled on 
phosphatestiy weak solvents. He remarked that peat lincly ground 
and kept very moist constituted It somewhat energetic solvent for 
phosphate. He applied his methods to basic slag and obtaiqpd 
excellent results. In 1885 the agricultural station of Darmstadt 
took up the matter, and in its turn made culUiral experiments with 
baSic slag, thanks especially to the financial suppopt of the syndicate 
of German manure manufacturei's. These experiments were con- 
tinued for several years, and in 1889 Vt. Paul Wagner published 
the results obtained. Nevertheleifs, manure manufacturers thom- 
selvbs remained sceptical, and only two of them consented to deal 
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with the t»etallurgical firms for the supply of basic slag, ffheir \ 
hesitation will be readily understood if one thinks of the great 
difficulties which they had to surmount, from a technical p^int of 
view, in reducing the slag to*a fine powder, so as to obtain Vith a 
material at that time of veiy varying strength a uniform markefable 
product. When, later, the amount of phosphate soluble in citric 
acid was adopted as a criterion for determining the fertilizing value 
of basic slag in powder, it was again Hoyermann who, working 
from bis own data, suggested the addition of silica in the converter. 



A Stuel-Works ami its Blast Furiiacas. 

as a htcans of considerably increasing the solubility of the phosphoric 
acid. It is thus .that, in spite of apparently insurmountable diffi¬ 
culties, basic slag became a precious source of phosphoric acid for 
ag"iculturc. Its coifiparativc cheapness, its c6ntent o{ lime and 
silica, and the good results which they give on meadows, peaty 
soils, and sandy soils* poor in lime, have caused basic slag to ^be 
• used in all countries in which intensive cultivation is practised. 
It no longer forms, as previously, a useless and cumliersome ballast, 
but a pi-^uot of great fertilizinp value, the consumption of which 
increases year by year. 

Origin of Basic Slag .—Up to a comparatively recent epoch, good 
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steel «ould be obtained only by usin" ores cither free or (llmost free 
from phosphorus, a proportion of 0 25 of phosphorns siillicing to 
render the iron brittle in the cold. These^ure ores Iwoame more 
and more rare, whilst there existed abnndant deposits of ore which 
confined a higher percentage of phosphorus. The attention of 
metallurgists was, therefore, hound to turn in the direction of the 
latter, and it was necessary to try to utilize them. 



I’ouving the Basic Slag from the Thoman Converter into tlie llemoval Wagon. 

• • • 

It is to a young Englishman, Sidney Gilchrist Thomas, to whom 
in J879 the honour of this discovery, which aftwwards revolutionized 
the manufacture of steel, is due. It did not enter into ordinary 
practice until after five or six years of elTcjrts, varied tentativea and 
numerous and delicate trials. It js now the basis of the manu¬ 
facture of the greater part of steel. The Gilchrist Thomas process, 
ajit is called, has a double advantage ; it eijablcs an excellent steel 
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free from ^osphorus to be obtained whilst utilizing the phos^orie 
ore ; and, on the other hand, it gives as a secondarj’ product a fertil¬ 
izing material, the use«of which, in agriculture, has assumed a 
rapid and considerable exteirsion. Let us now examine brilfly the 
manufacture of the cast-iron, then that of the steel which yield! the 
slag. The ore conveyed to the irhnworks is smelted in blast 
furnaces which are about (55 feet in height by 20 feet in width ; 
it is there laid alternately with layers of coke, and there is added, 
according to the nature of the mineral, calcareous or silicious matter 
which forms what is called the flux. The object of this fluxing is 
to deprive the mineral of any argillaceous or calcareous gangue 
present, and to obtain finally, in consequence of the de-oxidation 
and . of t^e partial carburation of the ore, as a useful product 
cast-^on, and as residue a lighter substance floating on the top 
constituting the slag, which contains the major part of the impurities- 
combined with the materials of the flux. 

As to the gases which escape in consequence of this de-oxidation 
they are collected and their heat utilized, partly to heat the air which 
enters the blastfurnaces to a temperature of 750° V,., and to produce 
the steam necessary to drive the blowing engine, or finally to pro¬ 
duce electricity. The* charging of the blast furnace is done about 
every six hours through the top; there is a discharge of slag and 
iron through the bottom. The temperature of the tower zone where 
the molten iron frees itself by difference of density from its floating 
impitrities is about 1200° 0. The slag is utilized industrially tor 
making bricks, cement, i‘tc. Let us see what becomes of the cast- 
iron, which at this point is still phosphuretted, as the following 
ajialysis taken as an example shows :— 

• 

TABLE LIV.—ANALYSIS OE CAST-IRON SHOWING PHOSPHORUS 
CONTENT. 


/Vr cent. 

Iron.111*20 

Carbon ........ 3*60 

Phosphorus . . . . . *2*75 

• ^ Magnesia.3*20 

Silicon.* 9'25 


100*00 

t « ' , 

The conversion of the cast-iron into steel is brought about in special' 
pear-shaped vessels nwvable round a horizontal axis, and constructed 
of steel plates .lined with refractory stone. These applianfies, 
termed converters, are, in the Thomas process, lined in the interior 
with lime and magnesia.' They are open at the top and pierced 
in the lower part by holes through which air at a high temperature 
can be blown. To charge them they are turned upon their axes to. 
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an ^gle of 90° and the liquid cast-iron is run in throng the upper 
opening. Then the converter is raised at the san^ time that air 
is driven through the lower holes at a sufficient pressure for the 
fusedVietal to remain in the converter and not pass through the 
hofes. Under the influence of the high temperature prevailing in 
the converter, and of the air injectal, the silicon, the sulphur and 
the phosphorus are burnt at the same time as a part of the 
carbon. The heat which is disengaged inside the converter is such 
that the metal which had at the moment of its introduction a 



temperature of. 1200°, rises to 2100", all within thirteen raifiutes. 
The phospiSorus is oxidized and is converted into ortho-phosphonc 
acid, and as it is in the presence*of excess of lime it coinbmes m 
a peculi^- form-*tetrabaRic phosphate—a8*ciated with calciiini 
silicate forming what is known as Irasic elag. When the operation 
is finished, which is ascertained by the appearance of the gas given 
of! from the top of the converter, the latter is mchned on its axis, 
the current of air is suspended and the liquid slag floating on the 
cast-iron is poured into a metallic trdcfc forming a case and 
containing a certain quantity of fifiely pulverized fused silica. Ihe 
weight of the slag in one of these trucks may amount to tons 
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and even m»re. The whole is conveyed on rails to the spot w;Jiere 
it is to be handled, and after cooling, facilitated by sprinkling with 
water, the mass is removed from the truck and discharged into a 
crushing shed. . t 

The Nature of Basic Slay .—Basic Slag occurs as more or tess 
bulky blackish fragments, porous, strewn with pellets of steel and 
of great density. It slakes in the air; the caustic lime absorbing 
moisture and carbonic acid and the ferrous oxide oxidizing. Con¬ 
trary to an opinion expressed at first, the absorption of carbonic 




H. 





I'ruliniinary lircakitiK-up of liaaio Slap. 


acid decomposes the teti-abasic phosphate. In the porous jrart of 
the slag translucent crystals are met with, rhombic tabletj. hexagonal 
prisms, and monoolinio needles IQ to 15 mm. long, of a grey, brown, 
or blue (produced by FeO) colour intermingled or ranged symmetri- 
caKy. These crystals* consist principally of tetrabasic ph«)sphate of 
lime, Ca,Bj,0„. They have been the object of very interesting re¬ 
searches, the principal points of which will now be summarized., 
Tetraphosphate of Calcium. —Ca^PjOj may be regarded as being 
the neutral salt of an octobjisic diphosphoric acid, P..O(OH)j, not yet 
produced in the free state, the ^ructuiwl formula of which would 
he the following :— 



MANUFACTUBE OF BASIC SLAG 


305 





206 


CHEMICAL MANURES 


o 


i> 


\v 


{ .UH 
I OH 
1 OH 
I. OH 
f OH 
OH 
I OH 
OH 


und that o^the corresponding 
tctra calcic phosphate 


0 ■’ 


P [ 
[ 

" 1 


The presence of this compound in basic slag has been determined 
by a great number of scientists, so that there can be no doubt as to 
the soundness of the hypothesis enunciated above. The small blue 
crystals which are found in the paste, and more especially in the 
(jeodes oi the slag, were studied from a crjstallographic point of 
view A. Richard, who refers them to the orthorhombic system, 
and notes amongst their properties a strong double refraction and 
a very marked dichroism, the same ciystal appearing colourless or 
a beautiful cobalt blue in o])po8ite positions. Prof. Carnot at this 
time termed these crystals silico phosphates of lime and gave them 
the*formula PjO^SiO^OCaO. In the same year Hilgenstock 
examined the other crystals. He found in the scoi-ia; of the slag, 
crystals in the form of thin rectangular tablets colourless or of a light 
brown tint according to the thickness. He placed these in the rhombic 
system, and recognized their composition as that of a tetrabasic 
phosphate of lime, Ca4P.;0,| or P./Ij4CaO. This analysis, having 
given rise to a certain amount of discussion, it was again taken up 
by Carnot on the one hand and on the other by Stead and Kidsdale. 
They found - 

• «• . 

TABbH 1,V.—ANAI.YSKS ()!•’ CUY.STALS OF TETKAHASIC I'HOSFHATK 
OF bIMK FOUND IN BAMIC HI,AO. 


l*h<tsphoric aci«l . 

(’<1 niot. 
I’er ct'nl. 

Stead find liidsi 
Per cent. 
drt044 

Hilica .... 

(>•74 

traces 

Iiinie , . . . 

r>‘)r)4 

(;<J-20() 

MugneBia 

. traccH 

*0-8# 

Ferrous oxide 

. . 1-44 

1 0 100 

Alumina 

0:i7 

Vanadium oxide •. 

. — 

* 0-722, 

Sulphur 

— 

0-1.50 

• 

oy-7(> 

100-0,50 


These results contirm the fcrmula of tetrabasic phosphate of lime, 
besides the two forms of crystals* described. There were likewise 
found brown or almost colourless needles of a hexagonal form. 
Analyses of these give the following figures:— 
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TABLE I,VI.-ANALYSES OF HEXAGONAI, CUYSTALS HlEND IN- 
BASIC SLAG. 





* 

Hilgenstock. 

Biicking and L iik. 

Head. 1 


Pit cent. 

Per cent. 

IVr cent, j 

Phosphoric acid 

34 114 

3i'r77 

.33-707 1 

Hilica .... 

3-24 

3-HI 

3-1)00 ! 

Lime .... 


Tia-.*)! 

53-.we 1 

Magnesia .... 

— 

0-40 

0-4H0 1 

Manganous oxi«ie 

. — 

— 

0-700 i 

Ferrous oxide 

4-00 

2'22 

1-230 ' 

Ferric oxide 

. 

1-7H ■» 

4-357 ! 

Alumina .... 


1 Olt 

_ i 

Vanadium oxide 

. 

— 

}'343 1 

Sulphur .... 

— 

traces 

0-4(>0 


1111-73 

1)11-oS 

100-305 



Feedins liHRic Slftg into Hall MilL. (Vi.w from ahove.> . 

rhe differences which exist ht.'twcen these analyses are cxi.lained 
)y the difficulty experienced in isolating the crystals from the nn- 
mrities which remain partially adherent thereto Stead and Kidsdale 
lave in fact distinguished two other varieGes of crystals, flat black 
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needles, some of which are magnetic, while the others are nht so. 
They have found the cojjiposition to be as follows:— 

TAMiE liVII.—ANAIiYHES OF Br.ACK NEEDLES, MAGNETIC iWID 
NON MAGNETIC, FOUND -IN BASIC SLAG. 



Maffnetic. 

^>'on•1naffnelic 

Lime .... 

39-088 

44-730 

Magnesia .... 

1-297 

0-936 

Alumina .... 

6-400 

9-700 

Ferric oxide 

33-857 

3.5-657 

Ferrous oxide . 

8-100 

_ 

MangaKous oxide 

1 -748 

1-023 

Chromium eesrinioxide 

5-980 

4-200 

Vhnadium oxide 

2-656 

2-223 

Silica .... 

1-100 

0-900 

Phosphoric acid 

traces 

0-740 


99-826 

100-109 



Handling ot Ground BaBtc Slag. (Bagging-up in 100 kilos {220 lb.) lead-sealed bags.) 

According to these authoks. these crystals would therefore consist 
chiefly of ferrite and of aluniinatj of lime. The analyses ot the blue 
crystals give:— 
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TABUE liVIII.—ANALYSES OF BLUE CRYSTALS FOUND IK BASIC 



SLAG. 


• 

% 

Caniot. 

i Uilgeiistoek. 

1 

Bucking aud Link, ! 

• 

iVr Cfiit. 

Per cent. 

Per cent. j 

! Phosphoric acid 

29«r> 

30-85 

1 

31-10 

i Silica .... 

12-42 

y-42 

!l'17 

Lime .... 

53-20 

57 *(50 

57-42 

• Magnesia.... 

. traces 

— 

traces 

0-05 : 

perrons oxide . 

1-80 

2-04 

Manganous oxide 

. traces 

■— 

—- 

^ Alumina .... 

2-7(5 

— 

M3 
t ntiM's 

1 Sulphur .... 

. , — 

, 

•.. . . 

These li^^ures corresjjoml 

lh»-83 

(‘xacily with 

100-81 

the formula- 

lOO-lIl • , 


8P.,(),„ HSiOj, SOCaO, FcO, Al/X, 


By replacing small ((uantities of oxide of iron and alnmina by 
equivalent amounts of lime, a more simple formula is arrivtxl at, 
1\0., Si(),,5, CaO, which may also he written—' 

P_,0,„ liCaO .f SiO.,, 2(:aO 

Hilgenstock and Carnot have examined the order of formatioif of 
the crystals, and lioth have come to the same conclusions. 

The fimt crystals which are formed apjiear to he the rectangular 
tablets on which afterwards come the brown hexagonal needles. 
is only later that the rest of the slag, becoming richer in silica, iso¬ 
lates the blue and brilliant crystals. These are superposed by tho 
brown and black needles. The order of appearance seems, therefore, 
regulated both by the gradually decreasing temperature and by tho 
composition of the bath of slag which becomes richer in silica and 
less rich in phosphoric acid, (.-ultural experiments havtj been made 
with the object of examining the‘action of certain elements of basic 
slag. These will be examined subsequently. * 

Solubility of Basic .Sto/.—Forrqprly basic slag was regarded as 
a product of no value, because there was no suitable means of dis¬ 
solving it, OiS’ing to its high |jercentage of iron and lime, neithoF 
was any attempt made of utilizing it in agriculture, because it vyas 
very*well known that raw phosphates possess *00 direct festilizing 
value. Scheibler suggested the preparation from the basic slag of 
a precipitate (German patents 24,130 and *20,020). For that ptn^ 
pose he treated 100 parts of basic sl^ig in powder with 120 to IW 
parts of hydrochloric acid and precipitated the jihosphoric acid by 
milk of lime. Francke recommended the decomposition of basic 
• 1 ;! 
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slag by Aiagnesium chloride (German patent 27,106), coiwerting 
the phosphoHc acid into phosphate of magnesia. G. Meyer, on his 
part, suggested the treai.nent of fused basic slag with its ow^ weight 
of acid sulphate of potash. ' The silicate of potash ought to gije still 
better results. The object of all these treatments was to facilitate 
grinding on the one hand, and on the other to increase the fertilizing 
value of the basic slag, by dissolving it. But up till now no steel¬ 
works has felt it advisable to resort to these mixtures, in order to 
improve the manipulations which they suppose in no way hinder 
the progress of the manufacture. The last-mentioned process would, 
however, appear to have the advantage of suppressing the un- 
pleasantvClement which the spreading of basic slag now presents. 
None of ‘the processes which have been suggested to increase the 
lertttizing value of this mamire need be dwelt upon here, since 
ihey have not been adopted in actual practice. It was 6rst of all 
;asserted that the phos])lioric acid of basic slag, owing to its origin, 
was loss soluble than that of the ordinary form, hut V. Reis and 
Arens, amongst others, showed that ])hosphoric acid combined with 
.the silicate of lime was soluble in carljonated water. It is from 
these researches that; the use of basic slag in agriculture dates. The 
results obtained by these two are given in the following table (p. 212); 
the figures of this table showing the great sohdiility of basic stag in 
water saturated with oarbonic acid com])ared with that of the other 
jfhQsphates. The decomposition of tetraphosphate of lime takes 
place according to the erpiation- - 

P.,0„Ga,, + 6CO., + 5H„0 = CaH^(l’O^)., + 3CaII.,{GO..)., 

iThere is thus formed an acid phosphate of lime such as is also 
found in superphosphates. The solubility of basic slag in citric acid 
and in citrate of ammonia and also in tartaric, acetic, and oxalic 
acids has been the subject of profound researches by E. .lensch 
which are of so much the greater interest because the solubility in 
the same solvents of the calcareous silicates always present in basic 
slag were determined at the same time. .Tensch's researches were 
made on basic slags of very different ages and origins for comparison. 
HoMetermined also the solubility of both Podolia plmsphorites and 
Spmme phosphate. The metiiod pursued consisted in mixing in 
each case 1 grm. o^ the substance with 150 c.c. of the solvent con¬ 
centration 1 in 20, exposing the mixture jlunng twel»e hours to a 
temperature of 50“ to 70“ G., then diluting the solution in 100 c.c. 
of w'atCr. The li(jOid was heated to boiling, filtered to separate the 
insoluble matter ignited, and the phosphoric acid titrated in the 
usual way. The differnnoe in the contents of the different elements 
in the residue, on the one hand, and the raw material, on the other 
hand, gives the quantities dissolved by the organic acid. .Tensch 
operated on eleven srmples of basic slag reduced to a fine powder 
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(1 to 11); three samples of crystals of raw slag (12, 13, 14). A 
sample of Podolian phosphorite (15) and jj„sample of Somme ))ho3- 
phate ( 46 ). The following table (p. 213) gives, on the one hand, the 
proportion of silica, lime, and phosphoric acid, on the other hand, 
the quantities of phosphoric acid dissolved hy the different solvents, 
also the amounts remaining undissolved in the residues. These 
figures show that the phosphoric acid behaves in the same manner 
in basic slags containing more than 18 per cent of that acid as in 
those which only contain it in small proportion. Thus it is that 
rich basic slags in current use in agriculture only contain 0T3 to 
0'20 insoluble in citric acid, whilst low strength basic slags only 
contain 0'04 to 0T4 per cent. The solubility in oxalic atid yields 
equally ooncordant results. That acid dissolves tetracalcic phosnhate 
and only gives a slight residue of insoluble which consists i)ronably 
•of tricalcic phosphate. The crystals separated from the basic slags 
(12, 13, 14) show a still greater solubility. The other organic acids 
used in this series of experiments act less energetically on the 
phosphates of basic slag; however, hero again a certain uniform(|y 
can l)e established between the sohdiility of the different phos¬ 
phates. • 

The silicates, which are highly basic, although of a composition 
often very variable even when of tin; same origin, are distinguished 
by their solubility in the organic acids, a jjioperty which is absolutijly 
w'anting in the silicate comiiounds of the natural phosphates, jJios- 
phorite, apatite, etc. It follows that the degree of solubility of the 
phosphoric acid of basic slag depends on the nature of the calcare¬ 
ous silicates contaimsl therein, .\gain, if the fragmei\fti of basic 
slags show a uniform crysUilline structure, that is to say, it tin;)' aW 
deprived of agglomerations of caustic lime, which are sometimes 
observed therein, their content in free lime, will be very small and 
will rarely exceed 2 per cent. But the more these calcareous ag¬ 
glomerates are present, the higher will be the fn-e lime content. 
It is true that this lime, not being combined chemically with the 
phosphate, but in a state of simple mixture, and up to a certain 
point as impurityy cannot exercise any influence on the solubility of 
the phosphoric acid in the soil, for those bodies can only act as 
solvents which are of a irature to Inodify the chemical nature of 
another body. The neglect of this principle hassled some authorities 
to ascribe to the uncombined linre in basic slag an importance 
which it absolutely does not possess. What deUsrmines the splybility 
of the phosphoric acid in basic slag is the strongly basic calcareous 
silicates with which it is combined. 

The magnesia likewise forms with the'phosphoric acid a tetra- 
phosphate, but the solubility of this’lxrdy considerably exceeds the 
solubility of the corresponding calcareous compounds. Basic slags 
ri<A in magnesia dissolve much more rapidlf in organic acids than 
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those in which magnesia is absent. The action of citric acid »n the 
slags shows that the magnesia is chiefly combined with the phos¬ 
phoric acid and not witlrtlhe silica. It is perfectly possible, and in 
all cases veiy likely, that the action of phosphoric acid of b/sic slag 
in the soil depends, in the first instance, on the presence of these 
silicates. We would thus be confronted with double compounds, 
phosphates, and silicates of calcium which are dissolved with the 
greatest facility by water containing carlxjnic acid, hence, therefore, 
the solution of the phosphoric acid and its absorption by plants 
follows. It has heen remarked, in tact, that the most active basic 
slags are always those with a high percentage of silica. Steel-works, 
therefore, nossess a very simple and in no way costly method of in¬ 
creasing the solubility of basic slag in citrate ; it suflices to add hot 
sand io it in the converter: the sand melts like butter, is converted 
into silicic acid and combines with the phosphate of lime to increase 
its solubility. It is clear, in that case, that lime should not be de- ‘ 
ficient in the slag. Silica, therefore, plays a very important role 
in the basic slag. Ca^SiO, converts the slightly soluble phosphate 
ofiAho slag into Ca,I’ 20 ii according to the following equations:—^ 

CajfPO,)^, -t- CajSiO^ = Ca^Pp^ + CaSiOj 

Fe3(PO<).j -t- flCa^SiO^ = Ca,PjO„ -t- FejSijO, 

The introduction of an excess of silica also helps to decompose 
OaiP.^O(|. There exists in Germany a factory which makes basic slag 
with '24 per cent of phosphoric acid according to Scheibler’s patent 
(German patents 34,410 and 41,303). A little less lime than that 
required for the complete dephosphorization of the cast-iron is added 
-to the converter, and the slag so obtained run out. The remainder 
oT the lime is then added, and the low strength slag which results; 
is used as a reducing substance in the converter. 'To increase the 
strength of the slag in phosphoric acid, phosphatic chalk may also; 
be added to the cast-iron in lieu of lime, eventually mixed with 
sand. Fused phosphatic chalk has the same solubility as the best 
slags. (CaCOj melts at 1000° C., the phosphate at 1900° C.) 

Crushing of llasic Slag .—In the beginning of the basic slag 
indusli-y the material was found very diflicult to crush. ^ Cylindrical 
crushers and flatstone mills were used at that time. ' But as the 
basic slag is mixed with grains ot steel of larger or smaller size, the 
plant became vapidly worn out. Attempts were then inade to eli¬ 
minate the pieces of iron in the basic slag by means of magnetic 
separatoBS. But these methods did not give good results; ^he 
separation of iron was incomplete and the cleaning of the machines 
involved frequent stoppage. From 1888 mills with forged steel 
balls, the wear of which is very slight, have been used. Ball mills, 
moreover, almost entirely do away with dust, owing to the installa¬ 
tion of a special chamljer intended to collect it, and of a draught 
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chimn^’ which ih*a\vs it thereto. Tlie hoi air onteriti^ \\\% ihaught 
chimney contains the dust formed in the crusiier; aboflt I per cent 
of dust jjeing produced for 100 of line po'^tler. When fans were 
used— 5 previous to the present system^—G })er cent of dust was 
obtained. The dust chamber is emptied every eiglit to tifu^en days, 
accoiding as the work is by day or continuous day and niglit. T)ie 
blocks of basic slag are first broken up by liand to ihininaU' }>i<‘e(‘s 
of iron, which are laid on one side to return to the foundry. The 
basic slag so obtained is then reduced to a tine powder (passing 
through a 100 sieve) in ball mills. The }K)wdt'r is collected from 
the lower part of the mil! and bagg(‘d u]) in 2 cwt. (220 Ih.) hags. 
Formerly the basic slag was allowed to slake in the air,,and the 
fragments, after eliminating tlie iron, were ground in llatsloiu' mills. 
But basic slag, slaked after long ex))Osure to atmosplieiic ag^inls, 
sometimes contains excessively hard ])ieees. resisting the most powm*- 
ful grindii^g; for this n'ason the metliod was al)an(h)ned. The 
treatment to which the basic slag is subjected us it comes from the 
converter has a considerable elVect on the grinding. \. Ueis has 
_ examined the composition of basic slag and its relation to 
resistance to grinding. From an outward inspection th«*re are two 
kinds of l)asic slag, block slag and poured slag. Block basic slag is 
produced when it is allowed to solidify in the wagons into whicli it 
is poured from the converter. It then cools slowly and nniformly, 
and may he remove<l in a single l)loek which is easily de tached from 
the platform of tlie wagon. l‘oured liasic slag is ol)lained by pouting 
the. contents of the wagon on the groutul. It spreads out*in a thick 
layer and cools rapidly. This kind of basic slag is geiuyally very 
hard ; grinding is diflicull and reijuires a great exjtendilure of moti^ 
power. Ihvsic slags in hfocks, on the contrary, are more easily 
;^roun(l, but they also contain very hard lumps. The following table 
l»y Keis gives the composition of different slags and their resistance 
to grinding:— 


'IWHhR I.Xr.—Kri'I'XT OF COMPOSITION OK IJ.ASIC SliAG ON 
KACIMTY OF (JUINDINO. 



1. 

II. 

ill. 

• 

IV. 

V. 

VI. 

vti. 1 

Silica 

0-77 

lli-'il 

0-(>0 

4-KH 

• 

k-07 

000 

, 7 0T 

Phosphoric acid . 


11-75 

17-75 

10-25 

1M-4M 

13-30 

; 22-50 

Ali^inina 

I'OH 

l-5b 

O-tlo 

0-511 , 

*1-40 

1-37. 

i, O-KO 

Ferric oxide 


10-41 

5-70 

5-14 

:i-45. 

2-H7 

1 5-27 

Ferrous oxide 

l<)-77 

10-55 

10-05 

12-40 

10-13 

11-43 

i 0-40 

Lime . 

olOO 

ai-oo 

4K-42 

4Kl> 

4rr47 

50-77 

; 47-30 i 

Manganous oxide 

710 

14-01 

7-71* 

0-23 

‘.^35 

7-2H 

' 7'81 ' 

Magnesia . 

H'Ol 

2-OK 

2 05 

2-3K 

2-03 

1-57 

‘ 1-07 

(pushing . 

•litlicnlt 

easy 

oasy 

less 

dilVicnlt 

diflicull 

easy 
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I. )?oured slag, dark brown, hard and difficult to grind, 

II. Block slag, grey, lamellar, friable, easily ground. 

III. Block slag, slaSe mey, firm, and easily ground. . 

IV. Block slag, grey, firm, vesicular, less easily ground., 

V. Poured slag, dark brown, bard, brittle, difficult to grind. 

VI. Block slag, brown, brittle, hard, difficult to grind. 

VII. Block slag, grey, lumpy, difficult to grind. 

It follows from these figures that in general the chemical com¬ 
position of basic slag has only a slight effect on its physical pro¬ 
perties, whilst the percentage of oxide of iron would appear to 
increase their resistance to grinding, as the following table shows:— 

TABLE I/XII.—SHOWING THE INFLUENCE OF THE liATIO OF THE 
^■EUOXIDE OF IKON TO 1‘UOTOXIDE ON THE EASE OF GllIND- 
ING OF BASIC SLAG. 


BRHic Slag. 

Peroxitle of iron. ; 

Protoxide of Iron. 

Ivi-itio of 1 

egOj to FeO. 

Qrinding, 

r- 

1 


10-77 

1 : 

11.2 

IMflicuU 

•i 

10-41 . 

10-55 

1 : 

1-0 

easy 

8 

5-70 

10-H5 

1 : 

1-0 

4 

5-14 

12-40 

1 : 

2-5 

less easy 

f) 

8-45 

10-18 

1 : 

3-0 

diflicult 


2-87 

IMH 

1 ; 

4-0 


. 7 

8-27 

0-40 

1 : 

1-2 

easy 


When thp ratio of the peroxide of iron to the protoxide is lower than 
—1 i_I ; 3 the basic slag is generally easily {'round, especially when the 
peroxide of iron is in preponderant projicrtion, hut when the 
protoxide of iron predominates largely the slags are hard and difficult 
to grind. It is important to watch the sieves around the crusher, 
and see that they are working well, so as to be able to remedy any 
defect forthwith. With this end in view', the basic slag produced 
each time by four crushers is carried to a weighing machine ma¬ 
nipulated by a trustworthy man ; the latter registers the production 
of eTich crusher, takes a small sample from each 1,'ag, which he 
examines by the feel and the fieve and runs it into a box installed 
for the purpose, oi; each chief grinder weighp his product and is 
Mmself respousihlo for the good execution of the work airi its hag{!;ing 
up. Then the sacks are carried to the depot. Since in the slack 
seasoti 'Orders must'be executed from stock, it is necessary to use 
very sound and carefully sewn bags and to preserve them full in a 
dry place, because grouud basic slag, owing to its high lime content, 
is apt to solidify in a damp place. The moistened powder cakes 
together and cannot be rendered friable by drying as one might 
suppose; it only bocotvos harder. The 2 cwt. bags (220 lb.) mea^tre 
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50 » 90 cm. (20 x 36 in.). Even in using sound IjAgg some of 
them rot when stored full. That is why basic slag i« stored in iron 
silos. /> 

It%as already been mentioned that the cooling of Iwsic slag is 
accelerated by quenching with water, an operation which is not 
without danger. When bamc slag, solid on the outside but incan¬ 
descent within, is exposed to the shower of water, this may ])enctrate 
into the interior of the block by cracks and crevices; it is converted 
into steam which occupies a volume 1300 times gieater at 100° C. 
and 7500 times greater at 1000" C. When such steam is given off 
instantaneously a very small quantity of water suffices to cause an 
explosion. It may also happen that a block of basic slag in which 
the centre jxtrtion, still liquid, may escape, will hi! j.)artioularly 
dangerous for the workmen. It is necessary, therefore, to dra^v their 
attention thereto. Finally, gas may form inside the basic slag with¬ 
out exterior aid. which, in virtue of its tension, seeks an outlet, and 
not finding any, blows the block to pieces. When a crusher has to 
be repaired, and if the repaira cannot he done on the s))ot, it is con¬ 
veyed to the forge on a moving crane or on a truck running on r»ils. 
Crushing being a work which requires to bo continuous, the 
machines are not stopped except for dinner'at noon, otherwise they 
work continuously, the workmen replacing each other at lunch 
time. During the dinner hour the machines are inspected and the 
bearings lubricated. The grinding plant should Ire simple. Owing 
to the peculiar nature of the substance, to be ground, conveyets and 
mechanical feeders are not applicable. A crushei' of 2 metres 
(61 feet) can produce 15 tons in 10 houisof ground basic slag, when 
the basic slag is freshly cooled and not too hard. l’,*Mellmanj^j^ 
Berlin (German pateiit 707,234), irrojects a jet of st(.'am or air into 
the liquid basic slag at the moment it is dischargi.sl by the converter. 
The basic slag is then blown into a friable mass which is very easily 
ground. The basic slag in blocks is sold to the grinding factories 
according to its percentage of phosphoric acid. 'J'he determination 
is generally made on the powder produced during crushing, assuming 
that the grinders possess ootefed and very dry warehouses. On the 
other hau^ the vendor takes a sanqile from each block by chipping 
off a fragment with the hammer gnd from the collected chips a fair 
average sample is taken at the end of each yronth. The sample is 
crushed, «iixed, and divided into three parts ; one jiart is sent t»the 
buyer, the other to the sender, and the third is sealed and kept in 
i*serve for an indejrendent analysis in c!*ie of dilferanee. The 
exchange of analyses on both sides is made on a certain day, and 
the average is taken as a basis when the,difference between the two 
analyses does not exceed 0’5 peivcent F/J,,. if the difference be 
greater, the sample in reserve is sent to an analytical station agreed 
pn by both buyer and seller, and the analyses which it supplies (orms 
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the sole basip of adjuntment. The cost of the analysis is borne by 
the party whose analytical results are furthest from those of the 
analytical station. If the^nalytical results on both sides differ lo¬ 
an equal extent from the exjjeriraental station, the costs of Settle¬ 
ment are defrayed equally by both parties. * 

Basic slag is delivered to farmers fvithout any admixture with 
other manures. If it be mixed with potash salts it heats and 
gradually solidifies, the caustic lime, acting on the magnesium 
chloride they contain, forming magnesium oxychloride, which is a 
powerful cement; if mixed with sulphate of ammonia, the caustic 
lime acts on the salt with consequent loss of ammonia. Einally, if 
mixed with nitrate, the idtric acid may be reduced to ammonia by 
the iron winch is contaituxl in this slag in the form of a line powder, 
and tl^ ammonia (ixpelled by the caustic lime. 

Customs in the. Sale, of llasic Slwj .—From 1 July, 189u, 
according to a decision of the Assendrly of German Agriculturists, 
basic slags were sold on the basis of their phosphoric acid soluble 
in citrate, without taking into account their total phosphoric acid, 
noi;.thc degree of fineness. 

But in its General Assembly held in 1898, the Union of Experi¬ 
mental Stations decidtd no longer to use Wagner’s citrate of 
ammonia solution. It, moreover, found that steel-works, to increase 
the solubility of their basic slag in citrate, were adding to the cast- 
iron, not only silica, hut more lime. The effect of this was to 
iucreiDSe the alkaline nature of the basic slag, and the Union esti¬ 
mated that this increase in alkalinity justified the selection of a 
solvent of greater acidity in the estimation of soluble phosjrhoric 
.acid . The 2 per emit solution of citric acid forms, in fact, a more 
accurate method than citrate of ammoniat for basic slag prepared 
according to this new process. But Professor Wagner estimates 
that the 2 per cent citric acid solution dissolves 7 per cent more of 
the total I’oOr, in basic slag, that is to say, it shows 16 per cent of 
soluble phosphoric acid where the old method only showed 15 per 
cent. 

There is at the present time a tefidency to value basic slag on 
the bisis of its total phosphoi ic acid content, a plan which has some 
justification, judging from the cultural experiments nmde on the 
subject by Meissl and Defert in Austria. 

Jiemarks on the Vse of Tiasic Slag .—It W not intended to 
examine here the effect of basic slag on vegetation ; that examination 
being fplly dealt w ith ,in a special work just published by tlje 
' author. The remarks made here will therefore be confined to a 
few points more immediately connected with the study of basic 
slag. 

Guffroy, an agr icultural engineer, having undertaken researches 
as to whether the silica ^nd the manganese in basic slag had anjf 
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fertilising action, isolated, as conipleU'ly as possible, tho bl#ie crystals 
(silico-phosphate) and the brown crystals (tetrapbosphj»t(‘), exuiniiH'd 
above, and caused them to be analysed jn Ib'ofessor (irandeiwi’s 
laboratAv. The following are the i'(‘sii4ts:— 

TAIJLK LXIII.—ANALYSES ItF BH'K AND lUtOWN CDYSTAFS IN 
BASIC Sl.A(i. 


/ 

Crpsiiil<. 



J'l’r o'yit. 

iVrcnil. 

Total phosphoric acid .... 

•Jlwl 

-iO-JS 

Dime. 

48-HS 


Silica. 

1-411 

irl7 

Manganese ealenlated to the inetallic 
slate . 

2-4i; 

l-Kd 


Trials were then made 

1. With a basic slag of known composition. 

2. With a basic slag presenting the sana* composition, and of 

which the phosphoric acid was furnished by crystals ol li'tra- 
phosphate and silico-pliosphaU; of natural basic slag. • 

3. With an artificial basic slag in which, by using only tetra- 
phosphate, and in another silico-phosphat(‘, there was foriued ;— 

(a) A basic slag de])rivod of silica. 

{b) A basic slag containing little manganese. 

From the comparison of the results obtained it was easy, 
consequently, to infer the action of the ingredients, mangiftiese 
and silica. The first researches were made in coliaboration by 
Guffroy, Milon, and Cre}>eaux. The results have been smninari/ed 
by the National Society of Agriculture.* 

The plants experimentfjd on were buckwheat, wheat, ami violet 
trefoil. From this first series of ex}HU'in)ents there was dethiceil tlie 
double efficacy of manganese and silica, in basic slag Kluih' brand. 
The second series of experiments, the r(‘sults of wliich weie not 
published, were made by (JulTroy and Milon alone, on wheat, 
buckwheat, and hemp; at the same time the violet trefoil ot the fii'st 
experiment was kept under observation. The result of these exjjcri- 
ments may l^ summarized thus :— 

1. Apart from its phosphorc jjcid, lime and magnesia, hfone 
basic slag has proved efficacious owing to its manganewj and silica. 

2. Maniganese from an agricultural point of view ought lod>e 

regarded as an important constituent, influencing !)oth the (piantity 
and the quality of the crop. . • * • . 

3. It seems that silica, at least in the condition in which it exists 
in Etoile basic slag, also acts in the saqie direction, but that its 

« 

»“ Bullet, (le U Soc. National d’Agric., I'.lfl-'J,” pp. 47U-H3i; “ On the I'crliliz- 

Action of Certain AcceRsory Products in BnHic SJag”. 



CHEMICAL MANUEES 


320 

action is tseaker, less decided, and requires to be further studied in 
order to establish without question its beneficial action. 

According to the Ins^dtute Internationale d'Agriculture, Borne, 
the production of basic slag*in 1910 was as follows:— * 


Germany 

Metric tons. 
2.007,500 

France .... 

584,000 

Belgium .... 

488,000 

160,000 

United Kingdom 

Auatria-Hungary 

74,000 

Sweilen .... 

12,345 

. 

3,275,845 


TheSo figures are based on the assumption that 250 kilos of slag are 
formed per ton of steel produced. As pointed out by Dr. Bussell \ 
the figures for the United Kingdom are certainly incorrect. Ac¬ 
cording to Professors Gilchrist and Louis ^ the production in this 
■country is 850,000 tons, some of which is of low grade, the 
]fercentage of phosphoric acid being about 10; if, however, it is 
calculated to a basis of high grade quality, i.e. containing 17 to 
20 per bent of phosijhoric acid, it amounts to 600,000 tons. 

'“.Tour. Hoc. Chimi. Indt.,” l'.M7, p. 25S. ‘‘Ibkh, p. 2151. 








CHAPTER XII. 


NITllOQENOCS MANUKES. 

The most widely distributed nitrogenous manures are jiitrate of 
soda (Chili saltpetre) and sulphate of ammonia. .\ thisd class of 
purely nitrogenous manures is that represented by animal \»aste. 
.These latter products are of considerable agricultural ini)x>rtance, 
although those in the manure trade do not appear to recognize 
their value. These three forms of nitrogenized manures ai-e not 
only differentiated hy their chemical composition, but by their mode 
of action in the soil. They form therefore three distinct classas. 
which will now Ixj examined. ^ 

A'ifrafe of Soda .—Nitric acid compounds have lieen l;i*own for 
a long period. It is probable, according to Ilcrapath, that tho 
ancient Egyptians used nitrate of silver to make their inscriptions 
on the bands in which they wrapped their dead ; it is the satne 
chemical compound as that known as infernal stone (lunar caustic) 
which is used to mark linen and the skin. Ho far back as the eighth 
centuiy of the Christian era, Geber and Marcus desori|ied a body 
which they called salpeka, which corresponds with saltjjetip. 
nitrate of soda. In the twelfth ccntuiy, Raymond lailli called thii 
body salnitri. Since then the term naUpelrc, or nitre, has Ireet 
used to designate nitrate of jiotash. whilst nitrate of sotla is callec 
Chili saltpetre, or nitre, in Great Britain. 

Nitric Acid consists of nitrogen, oxygen, and hydrogen; iU 
chemical formula is HNO^. ^t thus contains fourteen i^xnts ol 
nitrogen (22'2 per cent),-forty-eight parts of oxygen (70-19 per cpnt) 
and one part of "hydrogen (1-59 per cent). It forms a very clustic 
fuming liquid (attacking organic matter, strongly burning the skin) 
In the concentrate^ state it has a density oft 1-52 (104° Tw.), hul 
the commAcial acid is generally much weaker: D = 1-20 to f'4 
(40° to 80° Tw.). It decomposes easily, giving up a portion ol 
it» oxygen to oxidizable bodies, sueb as carHbn, sulphur,•salphur- 
ous acid, and then passes to less highly oxidized "states. Metallii 
zinc reduces dilute nitric acid, converting it into nitrate of ammonia 
With bases it forms salts, which with the exception of some basic 
metallic salts, are soluble in water. Nitric acid is formed almosf 
enclusively by the oxidation of ammonia, <x of nitrogenous mattei 
• 12211 
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of animal*origm, under the action of the air in presence or oases 
(carbonate of limej. However, this spontaneous formation in the 
soil is very slow in oui> climate. It is, on the other hand, very 
rapid in Southern countrieif, Bengal, Hungary, Spain, S. Anyirica, 
where the conditions of temperature and of moisture in the air 
conduce considerably to the oxidation of nitrogenous animal matter. 

For a long time these countries where nitrates exude spontane¬ 
ously from the soil, and cover it with a layer like hoar frost, alone 
supplied Northern Europe, up to the time when they succeeded 
in making mixtures of soil to produce saltpetre. This industry was 
conducted in saltpetre fields. Limestone, marl, or w'ashed wood 
ashes were mixed with animal matter, urine, dung, straw, etc. 
Heaps wei-e made, which were left to themselves in the open air 
for nearly a year, frequently turning them. When the earth was 
ready, that is to say enriched, it was lixiviated. To eliminate the 
lime from the liquor obtained, it was treated with wood ashes, and 
elarilied, and evaporated to obtain saltpetre. That method, which 
requires much work and only gives poor results, could only be 
applied in countries which, deprived from communication with 
the south, as in timq of war, were obliged to live on their own 
resources, as France and Germany were during the continental 
wars. This method, therefore, was abandoned. 

But the sources of saltpetre indicated above barely sufficed for 
th6 peods of industry, practically none of the material being avail¬ 
able tor agriculture. The discovery of an important deposit of 
nitrate of soda in America, the working of which was commenced 
in the yeiys 1825-28, enabled this material to be used largely in 
•■.agiiculturo. , 

Chili Nitrate of Soda .—South American nitrate of soda is dis¬ 
tinguished, more especially from ordinary saltpetre, by the fact 
that its acid is combined with a different alkali. In Indian salt¬ 
petre it is combined with potash (KNOj), whilst in Chili saltpetre 
it is combined with soda (NaNOj). It is met with in the Pampas 
of Peru, of Chili, and Bolivia, between 19'’ and 27° of south latitude, 
abounding ^specially in the province of Tarapaca (formerly Peru¬ 
vian, now Chilian) and in the desert of Atacamk. »The nitrous 
mineral caliche, or terra salilrona, occurs as a layer 1 to 6 inches 
thick under a bed of .longlomerate, consisting qf sand, felspar, and 
peTibles, amalgamated by a cement consisting of clay affil different 
salts forming a bed 20 to 30 inches thick. Its colour varies from 
grey tft Isrown. The conglomerate bed is sometimes absent, nn 
which case the mineral crops out at the surface. 

The caliche is never pare nitrate of soda. It contains mixtures 
of nitrate of potash, common salt, iodide and bromide of sodium, 
alkaline sulphates and sulphite of lime mixed with sand. The 
proportion of nitrate t>n the average being only 25 per cen*. 
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althcftigh picked pieces may contain more. The tollowilig gives the 
percentage of nitrate in different products :— ' 

i ' 

, ^ABLE lAIV.-SHOWIKG COMPOSITION OK CALICHE. 


• 

SaUjelft'. 

Common 


Pi'r cent. 

Per cent. 

Yellow nail, pure hard, with small crystals , 


12-9 

Yellow salt, pure porous soft, with lar^'c crystals 


2812 

Yellow caliche, veined with brown 

h4-7:^ 

:J2-»2 

W'liite caliche, hard and with small crystals 


14-dO 

White caliche, porous and large crystals 


28-1‘t 

Brown caliche, porous and large crysUls 

36-W) 

20'70 


Opinions differ as to the mctiiod of formation of t^is deposit, 
which occupies a surface of alxiut (>0,000 liectares (150,000jicres) 
and contains about 170,000,000 tons, llillger's is the most likely 
theory; he believes that the nitrate is formed from the nitrogen 
of guano deposits, w hich covered the shores of a great soda lake 
bv a process analogous to that to be seen in Hungary in oui' own 
time. The soda salts of the sea water would simply convert ihe 
nitric acid formed hy the oxidation of its ammonia into nitrate of 
soda. This opinion has in its favour all '‘the facts and circum¬ 
stances met with in tb.e deposit. .Moreover, traces of guano are 
still found in the crude salts. To extract the crude salt a hole is 
dug in the ground 50 cm. (20 in.) in diameter; when thi> saltpetre 
bed is leached a chainber 'JO to 100 cm. (35 to dO in.) in diatneter 
by 30 cm. (12 in.) deep, and 150 to ‘200 kg. (3 to 4 cwt.) of gun- 
]iowder is inserted. Bv ■ xploding the jiowder by means of a fuse 
a considerable surface of the dejiosit is laid bare often'on a ra^us^.- 
10 metres (40 ft.) from the hole. The crude salt is hand pickeif, 
to eliminate stones and fragments of less value; it is charged 
into baskets or into trucks, which camels transport oi' draw to the 
dissolving sheds. To dissolve the crude caliche three kinds of 
a])paratus are used, viz.;— 

1. Open Vasl-iniii i’((«.s‘' -/’n.iYjr/ir.s. -These are heated by naked 
tires. Two pans 2 metres in (liameter (0 ft. 0 in.) are used for one 
furnace. ^Vell water or water from a )irevioua oiairation is rtin in, 
then it is charged with caliche or^n ude siltpetre reduced to pieces 
the size of the list. When the solution is cjjnceutrated enough, it 
is run into cases or Ixixes, where it clarifies; it is then decanted*on 
the. top of the depot and run into iron or wooden crystallizers ; 40 
p^r cent of crystals is thus obtained and.bf) per cent afrinother 
liquor. 

2. Cylindrical Vertical J'un.s—A/oryHt/ws —These arc heated by 
direct injection of steam. They are H to 10 metres (20 to 33 ft.), 
with a diameter of 4 to 5 metres (13 to 16 ft.). Each of these pans 
jields in twenty-four hours 40 to 148 tons of saltpetre. The 
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clarified sdlution is poured into wrought-iron crystallizers ♦ to & 
metres (13 tcf 16 ft.) square and 0'5 metre (20 in.) deep, orjstal- 
lization lasting three to Isur days. The steam given off contains 
an important amount of iodfne, which loss can be avoideJ Ip' an 
addition of soda. 

• 3. Vessels heated by a closed tubular steam coil, which have 
been introduced by the British and German companies. These 
vessels measure 11 metres (36 ft.), 1-85 metre (6 ft.) wide by 
1'85 metre (6 ft.) high, into which the mother liquor and the wash 
water are run and heated to boiling, then six trucks of perforated 
wrought-iron containing about 4 tons of caliche. The nitrate dis¬ 
solves in Ijie water whilst the residue remains in the trucks. To’ 
hasten solution the liquid is agitated by the injection of steam 
and hot air under each truck by means of a Koerting’s injector. 
This plant works more economically than the preceding. At the 
same time the solutions so obtained are purer and more con¬ 
centrated. To produce a ton of nitrate 3 tons of caliche is required. 
The crystallized nitrate is left to drain, then it is dried in the open 
aiA Nevertheless it always remains slightly moist owing to the 
presence of chlorides ^f calcium and magnesium, and possibly also 
of nitrates of calcium and magnesium. It crystallizes in rhombo- 
hedra, and has a dirty reddish-grey appearance, due to the presence 
of a small quantity of oxide of iron and bituminous substances. 
Tht) residue left by the solution (ripiu) still contains from 15 to 35 
per cent of NaNO,. It is boiled with water forming a weak 
solution of 43° to 40° B. which is utilized to dissolve a fresh chai ge 
of crude sajt. The muds from the clarification are treated in the 
■"-Mjarie way. According to Dr. Langbein, they contain 67T per cent 
of common salt and 27'3 of nitrate of soda. 

A very full account of the Chilian nitrate industry has recently 
been given by I. B. Hobsbaum and .1. L. Grigioin,* from which the 
following notes are taken. Caliche consists of a very variable 
mixture of insoluble matter cemented together with soluble salts. 
The analyses of caliches are given on opposite page. 

Iji 1809 Taddeo Haenke, a (xerman living in Bolivia, de¬ 
monstrated the value of Chilian nitrate, and since tlwt time the 
method of extraction has not v#,ried except in details from the 
original, the object b%'ng to obtain a solution frpe from suspended 
matter containing as much nitrate of soda and as liMle sodium 
chloride and other salts as possible. This is done by working at a 
high torrtpeiature, sodium nitrate being very soluble in hot water, 
"while in this corioentrated solution sodium chloride is almost in¬ 
soluble. 


' “Jour. Soc. Chem. Indt.,” 1817, p. 52. 



NITROGENOUS SIANURES 


225 


Mojstiu’fc . 
PolRS'iiuin niliatf 
Soilium nitrate . 
cljloridu 
„ ioilntu . 

,, Slll|)hHtt' 

Ma};nesiuin •'iilplmli' 
Caleiuin 

,, nitrati* . 

InsoluMi' . 

' Total . 


Hijili (Jradi*. i IxafUrade. 

^ ,! 

1 I 2 d j ' -I j 1 2 :i ' 4 

M(17 2-003 M2J‘ 2*704: l-OOI l-Kli-J '2-173 ]-9rt} 
„ __ _ ' — I o-0’)H — 

">2-0t)O 4H-700 .>0-2:»0 33 0K7jl3-270 12-4 M-OlU DMOO 
•23-4 17-3 30-2 2.'>-7 i20-:i 13*0 17-H U-1 

0-074 0-131 0-02tJ 0-(>u| 0 0:»0 ()-0t;2 0 010 0-152 

•2-070 0-05H, 1-2-20 — ! H-220 0-07.'i - • 0-240 

i-ioi; 2-441 o-ir»o -■ ' o-hh:,: 7-04ij - ;i-oh7 

-2-’)K.') 2-177 3 110 3-230 d 3-01 h| .i;*4r,0 3-340 

1.','077 20-213 3-0 34-507 42-213:51-;(34|50-543ttt-03{- 

‘M0045 0‘0!43!0»-!W01MI-012 0‘»-'.I‘»->,00-032 0'.*-'.»5| OO-OKt 


Tlu- al)ovn iuitliors dislin^fuish thn-i* historical pci iods; the- 
first Iroiii iSOt) to ISoh win-n tin* industry was imoif^iti'izcd and iffl? 
operations of ])nritication w»*re somewhat ])^imitivc. tin* solution 
lining perfonm-d in copper |»aiis of native mannfactun- luliled liy 
open lives. During; this ])eriod only the riclu-st caliclie was worked, 
containing; pvohahlv as niueh as HO per cent, of nitiiiie. During; 
the second pi-riod. from ISoil to IHHO, steam was intrcMluced jnlo 
the mixture of csiliche and water. !)nrin;t this periiul the raw 
material was still very rich, it heiii}; stated on eocHl authority that 
caliche containiii}; less than •*>() jier cent of nitrate was ri-moved 
for treatment. In this ja^riod also closed steam coils were ustd 
for concentrating the liipiors. In the third period, from IHHO to 
iOOO. a v<?ry ^ncat improvement was introdnc«*d liy Mi', d. T. 
liumherstone, consistin'; of the counter-current system which was 
adopted from the alkali works in Kn^jlaiid, known locally as the 
“ Shanks system ’. In this sysU-m the untreated material is sub¬ 
jected to the action of a fairly c^ncentraU-d solution obtained from 
a previous ojieration, wliilc the almost exiiaustetl material is tre^Ued 
with fresh wi^er.* These operations ar<^ carried out in a seriitH of 
tanks, fresh water being pumped into the last of the series and 
then passing from <^ie tank to another in \'*iiich it comes int^ 
contact witfc less and less exhausted caliche until linally the 
strongest liquor is brought into contact with untreated materia!, 
from whence it passes to tlie crystallizing laiiks. Tin* taflk^ are 
heated by closed-steam coils so that as tin? liquor becomes more 
concentrated its temperature is also inew^ased. The tanks are 
32 X 9 X 8 ft. and are provided w^th false liottoms t) to 12 in. 
from the true Ixittom. Tht-y are provided with three doois for 
discharging the refuse {ripio). The calichf: is crushed with a 
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Blake’s crusher to pieces varying in size from | in. foP hard 
material to S in. for the softest. The charge for each tank is 
60 to 70 totis, and therfieire four or five tanks. The strong liquor 
(caldd) is run into settlint; tanks where the suspended matter 
separates either by settlement alom; or after addition of flour or 
dung, etc., and the clear liquid is then run off into the crystallizing 
vats. 

.An average oflicit?a’s working is giv(m as follows : - 

tout. 

Weit^ht rivw niuterinl ..... 10(H> tons 
Nitrate content 17 per ci'ui . . 171) 

,, pnxluccfl (r)!) per cent yield) . . . rto tons .70 \n'r cent. 

,, inrcfuHc. 

Uipio at per cent.t ,, 20 ,, 

Bori< . •.17 10 

UnaccounUid Idhsch . . . . . . . 04 „ 20 „ ^ 

170 ,, 100 .. 

(’hiliat) nitralii of soda, I’oady for shi|)iiK*nt. lias the following 
xJoniposition: 


TA’.il.K l,XV. -.\NAI,YSI« OF ClUl,l.\N 

MTHATK OK SODA. 

/'cr I'l-r C(‘Ht. 

Nitrate cf floda 



'.)4 () IA 4S N. 

■(!oininuii halt 



1 -A-i 

1‘otaHHium cliloridc 



0-04 

Sodium >;nlpimlc , 



0-02 

indidr 



0-2!) 

AIa”ini;iiim rlihiridr 



O'id 

Water .... 



l-;oi 

Horic acid 



Irare 

00-00 


Bettnr (Mjuip)H'd factories supjily nitrate of the following avenvge 
coin])osition 

a’AOTjK I.XVl.—ANALYSIS OK liKTl’KU tp Al.lTVVNlTKATK OK SODA. 


i T irnt. 

Nitrate cf snda '.Hi-OO 

Comnon salt^ . . .... 100 

• Snlpliatc of sotla ...... i0'.70 

luKolublc ........ 0'2A 

j NYatcr ..2*25 


100-00 

L>onimon salt and sohdde s\dj)hates may he eliminated hy washing 
with ool<l water ami hy centrifuging. The content in nitrate is 
evidently not always constant: it generally varies between DO and 
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100 ptr cent, which corresponds to a strenj^ih in anhy(ft'oufl nitric 
acid of 56 to 62*3 or of 14‘8 to 16*4 per cent of‘nitrogen. In 
Great Britain the fraction which goes to^iAake up 100 pin* cent is 
regardet) as refraction, so that a nitrate* of 5’ of refraction means a 
nitrate of 95 per cent strength. This vennark is important, as it 
serves to explain market reports. On ditTerent occasions chlorate 
and perchlorate of potash have heen found in nitrates. Now tliest^ 
substances are liable to s]X)ntaneous combustion, lu'sides they arc 
injurious to vegetation. The presence of perchlorate is altriluiU*d 
to the negligence of the workmen who have omitted to cc^ol the 
solution of caliche in the pan and have s(‘t it asiih* to crystallize in 
the hot state. This ])crcldoraie may be ('xtracled from the*iubstance 
bv the method which was the subject of German patent N«. 125,206. 
Hut since the disastrous elTectof perchlorate on vegetation hasilx'en 
recognized and the nitrates which contain it refused, manufactnrers 
have l)(*en mon^ careful, and perchlorate is now only rarely met 
with in nitrate. 

One hundred parts of walin' dissolve of nitrate of soda at 
0^ 10’ 20' 30' 40’ 100 121' i)oiliMg-poini of the solutii#!, 

71 78 88 98 109 178 224 8 t arts 

I’he specific gravity of nitrate of soda is 2'244. • 

Xilrate of Potnah. A com])ound of nitiic acid with jiotash has 
no interest hut for industry ; it is too d(*ar to he used in agriculturi', 
for U]) to now it has been ]H‘ 0 (luced liy handling the soil aryiifid 
villagHs in India, etc., or is iiinde from Chili salt]H'tre and potassium 
chloride. The potassium nilr:ite I'Xjiorted from Iiidia is obtained 
largely hy leaching the earth around old villag*- sites. 'IJie I'XiiortH 
in 1912 amounted to 12.8()(), valued at 4'20o,600, in 1913, I5.2ii(l,. 
value £237,581, and in 191*1. 14,157 tons, vahe* .1:232.916. Deposits 
are also found in caves in India, .\fter refining thi' jU'oduct has 
a ])urit.y of 94 ])er cent.' 

Chili salt])etr(‘ also contains a small (piiintity ol potassium 
nitrate, and deposits of this salt have heen disiaiveini at lacungii. 
in Hern and at Cochahtimha jn Holivia.- It lorms in itsdl an 
excellent manure, seeing* that it lamtains not only nitrogiui^,hut 
also potash verv |jure form. Cately. however, im|)ortant de¬ 

posits of nitviite of ])Otasl) have li*‘en disitovered in South Alrica, 
especially in the niughhourhoo*! of MaheistJL4t, and of I'eliska in 
('ape Colo»y: theses dejiosils do not, however, apjietir to have 
heen exploited. 

,Before terminating this sniiject, mentioti* may l)c nutdf' of a 
nitrogenous manure jmt on the market in J871, which has given 

‘ 1). Hdoiht. “ Attricultiirttl la^lctr,” p. 17. 

■^T. S. Norlcm, C.S. !)«-|>t. of Coiiunripo luul liiibour, Sjxoiid S«-ri«-s, 
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good resufcs. It is a double nitrate of potash and soda, containing 

in 100 parts,* according to Macrcker:— 

* 

TAHI,F. I,XVII,-ANAr,YSE» OF A OOOlil.E NITliATE OF I<ATASH 
AND SODA. ' 



1. 

If. 

111. 

1 1 

\*r I'Fiit. 1’ 

’or cent. 

iVr ct'iit. 

j Nltrnte of jiotash .... 


41-7H 

ll*ol 

1 „ of Hoda ..... 

{>'>•‘12 ■ 

0.5-27 

H2-04 

, Conunon Kiilt ..... 


()-o7 

:i*4;J 

, Water *. 

0*4« : 

1-07 

2*02 

1 Thcreffire— 




i PoULhIi. 

lo-llO 

10*44 


i NitroKen ...... 

14-Jm 

14*80 

lo'25 1 

Slorintj awi lUmdlimj oj Nitrate.- 

Nitrate ol 

! sckIji i; 

■1 marketed 


if tile original sacks (cateii-weight) weighing 120 to 140 kg. (204 to 
308 Ih.). It forms a mixture of crystals of different sizes. It also 
absorlin moisture frdm the air and when it is preserved in sacks 
they rot after some time, and tear with the sliglitest strain. When 
the sacks are emptied, one part of the material, always moist, re- 
ituiins adherent to the fabric, from which there r(‘snlts not only a 
losff of tnaterial, hut also a loss of sacks, since these gunny hags 
then become unnlilizahle and are lialile to catch lire. 

Nitrate of soda is often coloured yellow by the presence of chro¬ 
mate of phtasli or violet liy the presence of nitrate of manganese, 
Tme presence of magnesium chloride renllers it deli(|uescent; hence 
arises loss by the <lrainage away of liquid containing dissolved 
tiitrate ; that is why the bags are lodged on beds of jjlaster or clay 
which alisorh the liijuid. But it is best to spread the nitrate in¬ 
tended for mixing in not too warm a place. The hags are washed 
with tepid wateiy and the solution is added during the manufacture 
of superphospliate which has to he'mixed with nitrate, or it is con- 
oon'ifi'ated in a pan. (levtain manufacturers content themselves 
with heating the hags free from, the adherent salt. If'^^the nitrate is 
to be employed aloiys it is screened and the lumjis crushed in a 
Ourr's disintegrator, or in the toothed roll crukher. It,-.is dried in 
the old phosphate drier. However, if it he storerl for a certain time 
in a {Ahvie that is not pleated, it gmdually becomes moist. In qon- 
sequence of the risk of tire, the building in which nitrate is stored 
should he isolated and hpilt entirely of iron. 

Prod net ion of Nitratr in 11107.—The exports authorized by the 
syndicate of nitrate of soda manufacturers of Chili, rose to 2,050,000 
tons foi* the year 1 April., 1907, to 31 March, 1908. Of these quantities 
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1,750,000 tons had to be delivered Ireforc the end of the ^ar 1907. 
and the remainder, say 300,000 tons, in the nionths'of .lanuary, 
February, and March, 1908. Now these wxVoi ts made from April 
to Uecenlber, 1907, only amounteil to 1,225,IKK) tons, The cause of 
this alArt delivery is due in the tirst instance to the Iat>our crisis. The 
Chilian labourer, more lit than any other to work under the torrid 
sun of the Pampas, is as improvident as he can he. He only works 
when he must do so to live, and as wa^es are verv hi^h in nitrate 
factories he only works a few days, and then rests' the reniaindty of 
the week ; under such conditions the factories work very irref;ularlv. 
The rise in the price of nitrate, which had been discounted by the 
syndicate of manufacturers, will always be limited by coyipetition 
with sulphate of ammonia. The latter, in fact, after experiments 
made by Kraus at Weihenstephan, shoiikl produce the same. ^Vect 
^is nitrate, with the dillerence that it acts more slowly. 

1‘roducUon <tnd Exports of .Soi/tew Xiliute.—T\\o total produc¬ 
tion of sodium nitrate in Chili was : 

I'.ill. llil-j, 

short tuns. 2,7Ht,:i01 C.B-So.'.I.V.I * 

W . Monteemery Co. in their annual reports oivi^ the fojiowing 
statistics:— 


tuns. luott. lulu lull. lui'.'. ; lupi. ,iuH. 


Ihipinttits to nil i 

(tarts tor ,Year end , 

iUR Ueconihcr 111 . -.1.1117,1100 i.lOO.ptltl ■.',:lllll,(MIII ■.',.t|e,l)t)0;i, t7H,l)tll);l.',tinil,l)00'i.lWthOOU 
lons.uuiition in -- ; 

Un;t.‘d Kinadoiu . lim.llOI) 111,000 120,0011 1:12,000 1:10,000 121,000 122,000 

ColUilifut . . 1,27.1.000 l,:h)l,000 l,.):ll,000 l,.j(!l,000 1,770,000:1,700,000 I.HIW.OOO 

U.S.A. . . :10'I,000 107,000 .701,000 .-i-iO.IKIO iKl.tKIO IIOH.OOO ,'i,7»,000 

Other countries . 17,000 Oli.tlOtl K'.I.OtIO lOO.OtIO Il7,0tltl HS.OOtl 00,000 

In the wurhl . 1,7112.000 1,0:IH,0IKI 2,211 ,<100 2,;177,000 2,701,IK)tl 2,720,IHIt) 2,0:1.1,000 

• ..... .... 

.hmnindaffi.1 Halls .—.Aimnonia is a compound of nitrot'en and 
hydrogen, havine the formula NHj.atitid forms one of the dccom- 
losition products of pitrogeni/.ed organic matttr. It is a gaseous 
xxly, havin'*a characteristic putigent odour. It is very soluble fit 
water, being the solution generally ktiown as ammonia. It has an 
alkaline reaction, anil turns red litmtis paper blue. Unllffr the 
influence of the oxygen of the air, with favourable conditions, 
ammonia is partially convertetl into nitric acid. It forms salts with 
acids, combining with them in the filrm of a metallic radical NH, 
which is ammonium. Thus sulphate of ammonia is formed accord- 
inuto the equation :— 
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H,SO, + 2NH3 = (NH,),,SO^ 

and ammonium chlorid); according to the equation :— 

H(‘:i <- NH,, = NH,CI 

All ammoniacal salts give olf aniniqnia when they are placed in 
contact with alkalis or caustic lime. Ammoniacal compounds are 
very widdy distrihuted in nature, hut always in small quantities. 
Tlusr presence has heen d(;termined in the air and in rain water, 
also in the juice of almost all plants. .Ammonium chloride is found 
in salt springs, in volcanic emanations; carbonate of ammonia in 
large (juantities in the guano deposits of I’eru, Holivia, and Chili, 
and the« western part of I’atagonia. The principal sources of 
ammoiuad'or industry and for agriculture are certain substances of 
aninial origin (hone, meat, blood) or vegetable (coal, peat), which, 
submitted to dry distillation, give off the gi-eatei" jiart of their nitrogeni 
as ammoniacal compounds. 

Ammonia is, likewise, obtained by the distillation of fiecal 
matters in pres(uic<; of caustic lime and by the treatment of gas 
(Avash) liquor. Left to stand, urine putrefies; the urea is trans¬ 
formed into amme^uia, which, treated by caustic lime, yields 
ammoifia and carl)onate of lime. Ammonia is also found in the 
smoke of factory chimneys and in coal soot; the latter may even 
sometimes he utilized as a manure, as tin- following analysis by 
HuJ.ton of Glasgow of coal soot shows 

Pi'r Cfnt. 

Totash.0-:s(l 

PkoHplmte of lime ....... 

Ammonia.o-HO 

Fapial to iiitropon . . . , . . . o-.Sl) 

Eormerly, ammoniacal salts were made solely from matters of 
animal origin. They were charged into retorts which were heated 
to incandescence, the vapours given olf being condensed. The car- 
lionatti of ammonia thus obtained was collected and purilied or 
combined with acids to form dilTeVcnt salts. The process is still 
apjfiiod in the manufacture of small tjuantities of sal-ammoniac, hut 
solely as a by-product in the manufacture of animal charcoal. The 
calcination of the bijnes is done after two different methods. The 
one, the older, consists in charging the raw 'material*into vessels 
placeil in a furnace in stages so that one serves as a lid to the other 
undeviv-'ath. The vapours given olf during combustion, the defails 
of which need not be dwelt upon, escape outwards by the chimney. 
The other method oonsipts in calcining the bones in a cast-iron re¬ 
tort analogous to that used in.distilling coal. The gases which are 
given off are collected and condensed. The proilucts of the con¬ 
densation contain anvong other useful substances ammonia, wl^ich 
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can extractetl l)v distiilatioii aiul cotivcrUHl into sylphate of 
ammonia. But, as alreatly ol)st‘rv«.Hi, hoiu*-l>!ack is no usod in 

sugar factories. Witli tlie disa|>)K‘arance of l>one-l»lack. the by- 
pixalucbi especially aininonia. ceast^d \o Im* proihiceil. The most 
important source of ammonia is at juvsenl coal, the ^MMcamtage of 
nitrogen in which varies front D a to iMi ))er cent. The extraction 
of ammonia will therefon? he studied in the following ord(‘r ; (1) in 
the manufacture of gas; (2) in the mamifacture of coke; (3) in 
the blast furnaces, and (4) in the gas ])rodu<'ers (Mond's ]noci*ss. 
Bourgeois and Ijencauchez’ process). ^ 

}[(Uiui)ic(tirr of Siilpluitc of Antnuoiid A// liislilhilioi of (ias 
Liiiuor .—When coal is distilled, the nitrogen which it contains 
passes ])arily into the tar as complex products (aniliife ami its 
analogues) and partially in the form of aininonia in the iiruniinaung 
gas. The ammonia is eliminateil from tin' latter by wasliiiig^with 
water. According to Koscoe, only 14'0 per cent of its iiilrogeii is 
obtained from coal as Nlh^. 35'‘2D p<*r cent is lost as free N. 
whilst the coki* retains 4S to DS per cent. Tins hnv yi»‘ld of 
ammonia is diu* to the facility with wliich this gas is <l<‘Composy<l 
(at a ti'inperature of oOD' ('., Ramsay and \oung). This loss may 
be avoided liy jirevcnting the gas in the reloi> from comint^ in con¬ 
tact with the heated sides. According to Bt'illiy, this desired result 
is obtained by ihslilliiig coal with st(‘ani. Ity tliis inetluxl as much 
as 50 to 50 kg., i.e. 110 to Ih. of sulphate of ammonia irr 

ton of coal mav he olitained. t las ii(|uor consists in reality of a ^'eak 
solution of ammonia, carbonate of ammonia, sulphide ol ammonia, 
cyanide of ammonia, and sulphate ol ammonia. Its nitrogen con¬ 
tent varies considerably, as the follow ing analyses by •Arnold, in 
1889, show- ‘ • * 

T.Mil.K I,XV11 I,--.\NAIjY 8KS Ol'' OAS MQiroll I'liOM COAl.S OK 
DIKFKKK.NT OIIKIIN. 


On** of li<juor coiitiiiJi' 

file follfHviiiK in 

gT.'iiiiiiies, or Kiflloiiscon¬ 

• 

(Jiis l,i<jUor Iroiii tin* foal of 

l,a Saare. 

tain''^ ill n>. 

Zwickau. 

Zi(i'‘kau 

[.a l;hur. 

la S.iaro, 

• 

• 

Total HiinnoiUH 


H-IO 

lH-12 


• 

8-47 

HyposulphiU? of Hininoiiin 

1 ■():{(> 

1 -iVlH 

.')-o:j2 

m-h 

2-072 


S^ilphiile of ammonia 


0*(14I> 

2'40H 

• #1 •42H 

i Picarbonale of ammonia . 
Carbonate of ammonia . 

1 •O.'H) 
4-.’»b0 

1-470 

7-liKO 

•i-4'ill 1 
M l-id 1 

:i3-7r»;-j 

r)-Hr»o 

' Sulphau- of ammonia 
.Ammonium chloride 


0-Sort 

’ 1 1 
il-TlA 1 

4 022 

I -yiii 
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AAsording to the same author, the ammoniacal liquor f^’om a 
British gali yorks contained in grammes per litre (lb. per 100 
gallons);— 

TAKLK 1A1,K.-.\NAIASIH OF BRITISH GAS MQI'Onf 


Aiiinionia 
Sulphur total 
Aiiiinoiiium Hulphitli' 

carboimtc . 

„ ulUoritk* 

,, Kulphoeyatiidi* 

,, Hulphatc 

, ,, thioHuIpliutc 

, ,, fcrrocyanidc 


lb. ]iCf 100 (jdUons. 
20 * 4 ') 

3*!>2 
H-0:-l 
HO* 10 
14-2H 

1 *HU 

O-IO 

•2*M0 

0*41 


It will l)e seen from these analyses that carhonate of ammonia pre¬ 
ponderates ; the peroaitage of ammonium chloride is likewise high. 

I'roilticliiiii of Amumiiti in the Manufacture of Coke .—.Although 
in the very heginning of illumination hy coal gas Hte])s were taken 
to^collect the ammonia produced in the purifying of the gas for 
consumption, this was not so in the manufacture of coke, where this 
pro<luct was for a long time totally neglected. The coke industry, 
as it is now conducted, yields products identical with those from gas. 
The first attempts at recovery of the ammonia weri’ made hy Stauf in 
171)4 in a Haarhi'uck foundiy. But it was not until 1H5R that Charles 
Knah constructed at St. Denis the first ])lant that gave goo<l re¬ 
sults, intraluced by Cai-vi's at Commentry in 171)2. It was lu-ected 
in 1H()() at the Besseges I'oi’ge, then in 187!) at Terre. Koire. In 
1882, Sim6n of Mauchestta im])roved the Carvf's coke oven by 
re(fa|.)erating the heat to pi ehisit the air Fo 500" C. o)- (100“ (', The 
shape of these ovens was coni))letely altered. Knab’s ovens, wide 
and flat, heated under the sole only, and caibonizing at a low tem¬ 
perature, have been completely abiindoned to give place to Cai vf's, 
Simon-Carvi's, Otto and Semct-Solvay ovens, high, nariow, long, 
carbonizing )-apidly and at a high tcmpeiiiture. The furnaces 
actually in use may be dividctl into two classics 

1/ Those which are only a modification of tfu! oidinary coke 
oven, where the heating is olTccted by the admission of air into the 
interior, thus hurninga part of the carbon as fuel (.lameson, Aitken, 
Lu))rmann types). • ,, 

2. Those in which air is not admitted into the interior, the heat 
being applied to the exterior by the combustion of tbe gas which 
escapes during distillation, and after sepamtion of tar and ammonia. 
Almost all modern coke ovens belong to this class (HolTmann Otto, 
Simon-Carves, Bauer, Hu'ssener, Semot-Solvay, etc., types). Here, 
in a few woixls, is the general pi inciple followed in coke ovens of 
the present day. All ap) built, apart from numeious details, in such 
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a rtiapjier as to hiive a hermetically sealed chamln'r, froii^which the 
gas distilled from the coal is aspirated mechanically without admis¬ 
sion of air. The gas afterwards passes through condensers, cooUhI 
on the oj^tside by air or water, where tjie^' deposit the gri'ater part 
of tht> ammonia and the tar; the small remaining portions l>eing 
deposited in the scrubbers (coke columns). The lesidual gjis is then 
led to the tuyeres which heat the retoi ts, and inflamed by means of 
a current of hot air issuing from the recuperators. Afltu- having 
accomplished this heating, the hot gast*s pass into the heat re¬ 
cuperators. ('ertain (ierman coals yield Iho kg. (25'd lb. of^sul- 
phate. of ammonia. By the Seniel-Solvay ovens, as imieh as 7 to 
17 kg. (15 to 37'4 lb.) of sulphate of ammonia jter ton of coal 
distilled are obtained. * 

Tlie working of these ovens is regulated by various conditions. 
Tlie coal introduced into the oven oughl. to give a gootl cokeAo be 
'instantaneously sulaniued to a very high Uunperatine, and the, 
calcination must be conducted rapid!) and continuously. That is 
•why the heat is transmitted through as thin walls as possil)lo. as 
in the Semel-Solvay oven. I?» the Ilolfmann Otto ov(‘n the g^s 
given olf by distillation escapes through two onlic<*s in the arcli of 
tlieoven and passes into gas reservoirs placetk al>ov<‘ and across the 
ovens ; then it is lifted by aspirators, and <irawii through ))ipes to 
condensers and washers, in winch the taiMUul ammonia are d(*posited. 
Freed from these two substances the gjis is brought hack through 
;another pipe, under tin* sole of the ovt'iis. Tin? inflamed gas loHows 
alternatively vertical Hues, ascending one hall ol the flues and 
descending the others. In the Semet-Solvay sysU^in tin? flues in 
whicl) tin? gas burns, and which generally are litt(‘d int(t the main 
hue, ai‘e hei'e independent,•and consist ol retorts with their encafied 
>ldes, the one in the other, forming a coniplet<* and tight ciicuit.* 

The (’arves, the Tamaris, tin? Tt'ire Noire, and Bessege ovens, 
producing together al>out 300 tons of cok(? ])ei‘ day, yield (> tons of 
tar and 2 to 2-5 tons of sulphate of ammonia. 

The advantages of recu])eration become mon? and more evident, 
and in spite of the expen^?e which the installation ol such jdant 
involves, many njine j>roprietors havt; not hesitated to build otens 
■of this type. • 

The working of a battery of fo*ur coke owns entails a supple- 
mentaiy st^ff to wcA-k the gas-extiactor, ainl lo ke(?]> in oriler lyid 
clean the recuperation apjdiances. Th(* cost of the S(‘met-Solvay 
furnace, refractory masonry with lining, oven^discharger, dijjcjiarger 

‘The Hoffmann Otto is 10 nu;trcs (40 fot) hniK, 0*4 to 0-0 nytre (10 
to 24 inchcH) wiiie, by 1*70 metrcK (o ft. H inchesf hiKb- S<'HH't-S<ilvay ia 
metres (34) feet) in length, by 1‘70 inetA^s (o fe<'t s irirhes) bigli. of a 
wiUth, varying according to the quality of the coals to be tioatcO, of O'.Uj to 0*42 
metre (14 to 17 inches). The. air is heated to 200 ' W* f'- (■'*02'' to o72'’ I.). 
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flue, watei^ piping, etc., is £240. Tlie extractor, pump, apd re¬ 
cuperation appliances cost tl40. Each oven produces 5 tons of 
coke; the operation lasting about twenty-four hours. The Hoff¬ 
mann Otto takes a charg(?oj| 5 to 0 tons. The use of tht^e ovens 
has extended very ra])idly in Franci;; there Ixangat present stveral 
hundreds of them. The Jlolfniann Otto are almost exclusively used 
in Cermany and Austria. The Semet-Solvay are used in Helgium, 
France, Creat liritain, Oeiitiany and the United States. 

Dimcl Ammunin Itecavc/rii 1‘rna'sa.- In connection with coke 
ovetfc the ammonia is now t.'xtraeted hy what is known as the direct 
recovery ju'ocess. In this jnoeess the gases are passed direct into 
sulphuric acid in the saturate!- without pi eliminary treatment. This 
method, although working (piitc! satisfactorily with coke oven gases 
has not t'l’cn so succcissful when ap])lied to gas woi-ks. Two 
inethRds of working have la^en devised known !is the Otto and the 
Kopper’s systems. In tlu! Otto system th<! gas. which has a tern-* 
perature of about KiO" C., is suhji^cted to the action of a li(|Uor jet 
inj(!ctoi- and a rdonzti i.!xli'iictoi' for removal of the tar and is then 
passed dii’cctly to the saturate!!-. It is necessary, however, to itn- 
part ii,(lditioi!ul heal to pi-i!vei!t dilution of the licjuor in the 
saturate!-, otluirwise t/ie sulphate of ammonia does i!Ot crystallize 
In the Ivopptir's systeem the tar is coi!d(!nsed hy cooling and the 
condensed liijuoi- which also si!parates is distilled with linte ii! a 
cojumn still, the an!n!onia (!Volved being i-eti!ri!ed to the crude gas. 
The«cooled gas is passed through thi; tar extractor and then through 
a heat intcrchanger ii! which it is heated hy tlu! hot crude gits to a 
temperature much above its dew point, e.g. li.T to 70° C., it is the!i 
passed it!t« the saturater. The sulphate of amnioitia produced hy the 
Kdppcr’s sysli!!!! is of a h(!tter colour than that ohtai!!ed in tlu! Otto 
method, besides which itaphthalene stoppages are entirely obviated.' 

Hecoverii of Ammimia from HUml Furnaces. —The recovery of 
the an!n!onia coi!tained it! the gas ftoii! blast fuiiiiices is relatively 
modert!. The coal used is a non-caking coal, which prevents pre¬ 
vious conversioi! into coke. The gases escaping from the furnace 
mouth pass through a set ies of ))ipen into apparatus similar to those 
used, in gas manufacture, followed hy a series of, scrubbers, lilted 
with perforated plates, leaving the gas to pass altcrnaUively on each 
side, whilst a thin stream of \Vater, constantly flowing, dissolves 
thf, ammonia. The fujuid is repumped and seat hack tj the scrub¬ 
bers, until sufficiently saturated. The yields are on an average 0-9 
to I'SG^yer cent of the weight of the coal, which corresponds very 
neatly with the amount of ammonia obtained from the Carvfes 
coke ovens. 

t 

^ I tilth, “ J. Grtsbeleuct," lOiUi. See alKo Keport.s of tlie Chief 
InKpector of Alkali Works I'.ilb, and 1VI17. 
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lietnvery of Ammniia formaf in Gas I'Todiuvrs. —Ijcatinf' by 
the gas obtained in tlie semi-distillation of coal is. one of the 
most economical processes now known, jt- obviates various draw¬ 
backs in»idental to the use of a great mtmber of tires, and <‘nubles 
very Ifigh temperatures to la* obtained. In this distillation, as in 
all similar treatmcmt of coal, 'there is given olT at the same time as 
the combustible gases an appreciable amount of ammonia. To give 
good rijsults the pro<luction of the gas is etfected by an alternation 
of two following operations :— 

1. Tln^ va])Our of superlu‘ated steam is directed on to ratal, beiited 

to incandescence, whicb lowers the temperature, owing to the beat 
absorbed by the dccomiiosition of the water. ^ 

2. The comhtistion is stinndated by a current of air to bring the 
iemjK'niture to its initial ]iomt. 

The gas produced in tliis second phase very nuieli resembles gas 
from a gas generator, called Siemens' gas. The mixttire ot air and 
steam is suitably atljusted. Amongst the gas generating )ilanl 
constructed on this princiide mention ina\ be made of Siemens', 
Schilling’s, Powson’s, Wilson'.s and Mond's. , 

1. Mond’s I’lvicss. Mond was the first to inaugurati* in 
England this new process of extracting amiintnia from the prialncls 
of combustion of coal itself. Coal is iairnt in the gas geneiatoi in 
a mixture of air and sti'am. in such iiroportions that two tons of 
steam are used per ton of coal distilled. The teniperatuie ol the 
combustion is lowered to aliont 500' C. (032 1’’.). This exci^s of 
steam favours the production of ammonia ; only one-tbnal of the 
steam which passes through the, generator is decomposed. The gas 
producers are rectangular in form and arranged in sefies. They 
are 1-H2 metres in deiith tind 3'li.5 metres long. The ash iiits are 
litted with a hvdriudic joint capable of resisting O'lO metre water 
piessure. The air arrives above the level of the ash iiit. The gas 
escapes from the, centre at the to)i of the gas |irodncer. 

The gas which escapes from the gas producer traverses a washer 
with blades. Standard type, in which the ammoniacal salts are 
dissolved. Then at a temiieratnre of 100 C. it passes into the lirst 
scrubber, which, is drenched with a 3H jjer cent sidntion of snll|Miate 
of ammonia*to which a known air^unt of sulidinric acid has lieeti 


added. , 

The gi» contaiifs at its entrance into tin* scrubber 0‘l.i per m'lil 
of ammonia bv volume, it now only contains 0-013 when it issues 
at. a temperature of HO' C, It then ent(;ri» the condeijupr con¬ 
taining wooden baffles pierced with holes, where it i|me‘s a 
current of water which is heated to 7H' ty 80" U. (172-4 to I7ii 1'.) 
in condensing the steam. The ga» ])uri(ied and cooled, jiasscs to 
the burners. The hot water obtained passes to a third scrublieiy 
ijto which a current ot cold air is passed, avhich it saturates with 
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moisture, ^nd which brings the temperature to 76" (168’ti° F.). 
That air is then forced into the gas producer. The yield obtained has 
equalled 32 kg. (70'4 Ib.q^of sulphate of ammonia per ton of coal, 
which is an exceptionally goo<l performance. * 

Attempts have been made to produce ammonium clfloride 
direct by introducing hydrochloric acid gas into the furnace or by 
mixing the fuel with clay impregnated by calcium chloride. The 
results were, however, not satisfactory. 

Hennin pro))Oses to operate like Moiid, but by using high- 
preffture steam slightly superheated and suitably diffused in the 
mass of the fuel, in the proportion of 0-75 to 1 ton of coal. 

2. liimrijeAns aiul howtiiicliez’ Process .-—Bourgeois and Len- 
cauchex Uave patented a process the object of which is to collect 
the tar and ammonia in the gas distilled from coal, this operation 
not (flininishing the calorific intensity of tht! gas. The plant which 
they propose to use, tluux’fortg apjxMls to all those engaged in 
industri(« in which heat is required, glass works, metallurgical 
industries, etc., whtne, instead of burning coal under ovens, it is 
cqnverttsl into gas in any kind of gas producer. It consists of 
three main columns. The first, for cooling and washing the gases, 
is intentjed to retain tar and oils, which are collected in a lowei- 
cistern. In the second, the gas charged with ammonia meets a 
shower of acidulated water. The third is inttmded to extract the last 
traces of ammonia and to conv(^y them into the first, and so on. 
Froth the prt^ceding it will bt^ setm that those industries which 
formerly did not utilize in any way the nitrogen contained in their 
fuel, are going to become one of the most important sources of 
ammonia. * 

'’MamiJudiirinij Plant. —In the various ammonia-producing 
industries which have just occupied our attention, the extraction 
plant consists, more particularly, of condensers and distilling 
columns. 

CtnuUnsers. —The condensers are generally refrigerators, the 
extractor, the washing condenser of some kind of system, and the 
scrubbers, or coke columns. Kefrigdrators are used in the manufac¬ 
ture lef gas. The issuing gas is aspinxted by the extractor, which is 
in essence a suction and pressure pump. There exist a numlier 
of washing condensers. The following are mentioned; The. 
Stividard washer, the Chevalet washer, the litnge l’la#e washer, 
the I’olouze and .Audoin washer. The Standard washer consists of 
a series; qf cast-iron ceippartments, variable in numlier and dimtgi- 
sions according to the capacity of the plant. Each compartment 
contains a certain numli^r of wrought-iron discs bolted together 
and looked on the shaft. These discs of thin sheet-iron, 2 to 3 mm. 
(•jL to J inch) thus present an enormous absorption surface. The 
latter traverses the waoher in an opposite direction to the gai|; 
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.the di8C8»half dip into the water. An improvement ha« been 
made by replacing the sheets of iron by pieces of wood, out in the 
form of a prism and ariginged in quincunxes. This apparatus is 
almost exclusively used in Great Britain. The washers restore 
to the sci'ubljers their true role, which is to arrest the last'traces 



Fkj. JJ'.K —Stiuxliinl WjirIht furnisluRl with its iliffercnt DUcs.—The upiiev figiiro 
shows tlio oulsiflo rt[ipoarniwo of the face of tho washer ; in the lower Jijjure 
the washer is seen from above; the Rasing havinp been partly removed to 
show tlio interior arranm'inent. 'Idm discs of HH are shown mounted 
'Siflo by Hide on the same shaft; tlieir lower part dips in the water when the 
shaft revolves; the moistened tiisrs come in contact with* the "as wliieh 
passes to the upiwr |)art. A p(‘(^llia^ system of partitions forces the tjas to 
enter into intimate Contact with the roils of the di: 4 -s ami ensures complete 
solution. •' 

of aiuiwonia. The' ^lackinjr of the scrubbers is composetl*-of 
various materials; soinetiiues washed coke is used, sometimes 
wood shaving, fnij'immV* of pumice stones, or of p(*rforated bricks. 
The packintf should he done carefully, for on it greatly depends 
the amount of water to be ititroduced. A driblet of water, com¬ 
pletely spread over w«rll-arntngtHl materials, will give as good y>n 
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•absor]ition as enormous (juantities ot water }>ouring ^ver loose 
materials. The water escapin*; from the scrubbers shouUl be 
carefully controlled. The density of the^inmoniacal water ought 
to be talten, and it must be ensured th;\l the escaping gas contains 
no trjfbe of ammonia. 

Chevalet constructed a scrubber of wronght-iron or of cast-iron, 
containing cast-iron vessels S inches apart and pierci'd with a 
great numlxn- of holes, carrying a chimney a little less in height 
than the edge of the vessel. Kaeh v<*ssel is fixed in a ring witjjout 
bottom of the distilling column. Between each vt‘ssel wooden 
shavings or coke is packed. 

DisdUinif /7a«/. —The niethoils useil in the manufacture of 
sulphate of ammonia consist «‘ss(‘ntially in disengaging ammonia 
from its salts, submitting it to distillation, conducting the aninio^iiacal 
vapours into a receiver containing sulphuric acid, and if necessary 
evaporating the solution oblaine<l. so as to extract from it the' 
sulphate of ammonia by crystallization. Tlu* amnioniacal salts iwo 
^lecom])Osed by lime, which is added to the gas li<juor iM'lore 
•distillation. In the older distilling jilant lu'aled l)y open fires t^ie 
use of lime reipiired ])recautions. hei^ausc it was liable to adluM'e 
to the l)Otlom of the hoileis : in modern jihint lieat<‘d l^v steam 
this drawback has disajijieared. Sometimes two melliotls an* com¬ 
bined, that is to say, the gas licjiior is first distilled alone and then it 
is redistilled after adding lime. The latter is used either as (|ui«k- 
lime or as milk of lime, and in (piantity varying with ilu' (^ofitent 
•of the ammoniacal liipior. But the amount used never exce(‘<ls 0 
per wmt of th«‘ material. Tlu* ilistillale consists mostly of a mixture 
•of waU'r and fn*c ammonia ; organic bases the mosf volatile 
are also ]>res<*nt along w^th tarr\ matter. As amongst all these 
bodies ammonia is the most volatile, the juiiuajile of hot or pailial 
-condensatioti has liei'ii applied toils distillation, a method wlij^di 
is espt'cially important in tin* distillation of alcoholic. Ii(juids. In 
the older ]>lant tlu* distillate tiu\ I’rsi'd one or mori* vessels containing 
preheated ammoniacal liipior. By this arrangement the amnumia 
was sejiaraKxl from tluu less’volatile ]uoducts which condensed 
in the liquid : *011 the other hand, the ammoniacal liquo/ was 
brought to a high temperature l^clon* being disiill(*d, llowevej-, 
this melho<l cannot he ado]»ted <*xc<q)t hy forking continuously. 
The plaiit^used in* distilling ammonia may he ilivided into4wo 
-classes, viz. (1) njini tire stills and (2) strum stills. Although less 
economical and of much smalli*r output. op(«i lire stills hii-ve still 
numerous advocates, because their installation is generally less 
costly and their management very simple., A few stills of both types 
will now he descrila**!. • 

Open Fire Stills- The KwilisU Still.- \n old fashioned still 
xyhich is to be found in use in certain l*b«/lish factories where it 
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gives excellent results is that shown in Fig. 40. It consists of a 
small boiler A, which is fed with gas liquor from a reservoir. If 
the liquor be heated to,boiling, the free ammonia, the carbonate, 
the sulphide, and the cyanide of ammonia, all very volfttile pro¬ 
ducts, are given off with the steam, rise in the pipe a, paffs into 
pipe (j, whence they pass by the pipe c, into the lead-lined wooden 
vat C containing concentrated sulphuric acid. The latter absorbs 
the gas and the vapours with effervescence, which renders them 
liable to return into the chamber A. To avoid this mishap a valve 
h is fitted to the upper end of the pipe c, which opens inwards, only 
allowing air to enter as soon as the acid begins to rise in c, i.e. as. 
soon as t^o jiressure in the apparatus is lower than the atmospheric 
pressure. , When the operation is thought to be sufficiently far ad- 
vanc^, the test lap d is onened and the vapours coming from the 



Fin. 40.—Naked Fire .tiiinionia Still. 


boiler are tested with red litmus paper to see if they still contain 
an important proportion of ammonia. If the test shows that the 
liquor is exhausted it is run into the Imiler B, placed at a slightly 
lower level alongside the lioiler With this end in view the 
boiler A communicates on the opposite side with the toiler B by a 
pijie 1) (Fig. 41), which is naturally at a level high enough not to 
to reached by the lire, It suftices to open the taps e, f, t. and k. 
ML'k of lime is added in the boiler B to the water from .V. The 
boiler A is recharged, and the taps i and k being closed, the con¬ 
tents of the two toilers are brought to the boil, whilst the same 
process goes on as already described in the toiler A ; pure ammonia 
gas is formed in the toiler B as the result of the decomposition by 
the caustic lime of the chloride .and sulphate of ammonia still con¬ 
tained in the water which had been heated in A. This gas also- 
passes into the vat C; when a test at the test-tap shows that all 
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the amsnonia is volatilized, it is presumed that all anipjonia has 
been expelled from the li(iuid in R, the latter is then itin off. For 
that purpose the pipe U is fitted with two short pieces m and 1 
closed wit^i wooden plugs. To run off t|)ie liquid all that has to l)e 
done isato open them as well as the. tap h. .Vnnnonia can also Iw 
distilled in a single boiler, taking care to mix the milk of lime with 
the gas liquor beforehand. .As the residual liquid would then con¬ 
tain not only chloride and sulphate of lime, hut also carbonate of 
lime and various other salts, and as the mass of these insoluhle 
salts would gi'eatly hinder distillation, it is hotter to use two hoilfrs, 
besides the bottom and sides of the boilers woulil become encrusted 
with a scale which, being non-conducting, would iiderfiu'e with the 
])roper heating of the vessels. When the sulphuric ac^fi in the 
vat (! is saturated with ammonia it forms a fairly concentialerl 
solution of sulphate of ammoida.' In the first phases of the oi.tera- 
tion this acid is greatly diluted by the steam mixed with the vapour 
of ammonia, hut as the acid becomes lu'ated considerably, tlur 
steam subsequently passes through without being condtmsed. 




Fio, 41.—Details of I’ipe eoniniuni'-atini' witli tile two Stills of Fly. 4f). 

• 

The solution of snl)ihate of*ammonia is not, however, sullicientfy 
concentrated to ciystallize on cooling, but requires to lie stdise- 
quently evaporated in Hat becks of lead, iron, or wood heated by a 
closed coil. This o]ieration must lie done with care, rndertho 
influence of heat the organic matter contained in the solution 
exercises a reducing action on the !iul)ihat(‘ of ammonia j ammonium 
sulphite, hyposulphite and spliihifle of ammonium are formed, sub¬ 
stances w'bich stropglv attack the metal of the ajiparatus; as, niofe- 
over, this redflction gives rise to a great loss of ammonia in the 
form of ammonium sulphide which i5 very volatile, the beat should 
be moderated as soos as the smell of tins lauer product is pei^ 
ceived. Evolution of fNIId.S oi- lES is an infringement of tho 
alkali act. When the solution is sufliciently coacenlrated itjj run 
into’iron tanks, in which the ammoinuin sulphate is de|)osited as it 
cools. The mother liipior which flows froni the crystals still contitins 
a considerable proportion of ammonia, Sul)ihuric acid is added to 
it and it is again used in vessel U; finally, it can also be evaporateri 
and recrystallized. The mother liquor from Jlhis second evapora- 

10 
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tion coq^aitis too many imj)urities again to yield sulphate of 
ammonia by crystallization. However, it still contains a notable 
proportion of ammonigj, therefore it is finally run into the boiler 
H to extract the ammonia,by distillation after adding m;lk of lime. 

Mallet’i: Still .—This still is shown in Eigs, 42 (front view) and 
4.'1 (longitudinal section of one of the batteries). It consists of two 
batteries of stills AA, Eli, (XI, 1)1), which woik in ))arallel and im- 



FiUi. 4*i.—Mjillot’H Aminouiii Still (front vit wV. 


part to it, as wilt U seim further on, great capacity of production. 
The stills .4 and E are fitted with ))('rforafed donliVr bottoms in 
whicli the ammoniacal lupior, to which milk of lime has been 
addedv is brought 'to the boil. Th('y are fitted with agitators to 
keep the liipior in motion, to prevent any solids from adhering to 
the l)ottom. The amnoniacal vapours given off from these stills 
pass itUo the stills C and 1), hkewise filled with ammoniacal li(pior, 
where they arc washed to de|)rive them of conn)ounds less volatile 
than ammonia. ErOm the still D they liass into a coil 2^ m. 


























leVs Ammonia StiU (side view] 
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(82 ft.) lAijj, the spirals of which are contained in the recfeiver F, 
where they are cooled by ammoniacal liquor. The condensed 
ammonia nows into the'vesscl S, and from there into the collecting 
reservoir Y. The unconQensed vapours pass througTi ^ pipe, 
traversing the lid of the vessel S into an air refrigerator T. From 
there into the pipes U, fitted with a safety arrangement, which 
sends them into an absorption vessel placed behind R. The un- 
absorbed bad-smelling gases are absorbed by special arrangement. 
Wl have followed the progress of the ammonia driven off from the 
liquid under the influence of heat; let us now follow the reverse 
movement, i.e. that of the ammoniacal liquor used to feed the stills. 
This ammoniacal liquor is contained in a reservoir on a higher level, 
whence h passes into the measuring vessels G, through tap a : from 
that apparatus it first passes into the condenser F, where the steam 
brought by the coil gives up its heat to it and warms it; the 
ammoniacal vapours given off rise into G by the pipe 1’. The 
stills A, B, C, and 1) are fed by communication pipes not shown 
in the illustrations. As already stated, the ammoniacal vapours 
“tormed in the pans A and B pass into (' and I), then itito the con¬ 
denser. The milk pf lime is prepared in the reservoir E, whence 
it pasfes into the still B by the pipe M. The still A is emptied 
from time to time, say every three days; the discharged liquid is 
)hen replaced by an equal quantity of ammoniacal liquor coining 
frcun the stills B, (I, and D, The condensed water in the vessel Y 
may be emptied into the vessel D through the pipe 0. For that 
purpose the three-way tap which brings two of the pipes enter¬ 
ing U into communication, is fixed in the right place tor the 
f*.nmoniacal vapours not to jiass into .the refrigerator F, but into 
the reservoir Y. 

The absorption vessel is lead lined and filled with the sulphuric 
acid intended to make sulphate of ammonia. The latter is put to 
drain in K, the mother liquor flows into X, and thence into the 
absorption vessel. 

The air refrigerator T is only,used»when it is desired to make 
liq.>ior ammonia. In the manufacture of sulphate of ammonia it 
is replaced by a cylinder 10 ft. high and 20 in.,diameter, into 
which the pipe bringing the ummoniacal vapours dips, almost to 
t|j}e bottom. By fiAing the cylinder with an pverflow pipe, matters 
are so arranged that it is always one-third full. The vfhter from the 
overflow pipe flow^ into the collecting vessel Y. The furnaces are 
shovrti at Q. The cMinbustion gases first impinge on the still A, 
and then pass under the still B. The Mallet stills at work at the 
Vilette Gas Works produce 10 tons of sulphate of ammonia daily. 

Liimje’s Still .—This still Is based on the same principle as the 
preceding, but it is much more simple; a is the still, b is the pipe 
leading the vapours (b the condenser c. The refrigerator d is, fed 
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by ammSniacal liquor; it communicates with the still by {he pipe 
e. The contents of the still may be run out by the pipe /, which 
is closed when the still ss at work by a valve ;/. The lime which 
is deposited at the bottorrf of the boiler is again brougMt iptotsus- 


j Fid. 4.1.—Dr Iiaii'fi Still. 

.\lBnistllliiig column compococl ot circular segments ht cast-iro^. B. Milk of 
limo mixer. C, Milk of lime pump. I), 1), Exchange heaters. Entrance 
ot milk of lime intq column. FI, Gas escapement. 

tU r II 

pension by the agitator h. The cook on the pipe i is opened when 
the liquid from the retriRerator d is heated to the point of giving 
off ammoniacal vapours; the tatter pass through i into the pipe b, 
and afterwards into the coil c, mixing with the vapours coming from 
the still/». When the vapours have tiuversed the washer I; they 
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pass b)*the pipt* m Httod with a sah^ty into^lio loiul- 

linetl wootl !il)sorption vessel /, coiitainiiiK sulphuric acitl to ahsorl) 
the ammonia. Ihe acid Hows from tlie ^-eservoir e thioujjfh th(^ 
syphon y»%nto the* alisorptioii vessel /. Its arrival is re^iilatt'd so 
that th? litpiid in the ahsorjition vessel isal\va\s acid. xaponrs 
f^iven oil collect under the hood r, whence* iliev aie* foreeil into the 



chimney or^)urm?d ftj tin? furnace. The sulphate of annnonia ih?- 
posited at the lK)ttom of the vess(*l / is em]>tied hy a bucket linin' 
to ^ chain and counterjioise /. ^ ^ 

Steam -S'/i/fs. --The intennlltcnt. nakisl lire stills have been 
replaced by conlinimns stills fitted wiiji rectification columtm 
similar to those used in alcohol diiitilleries. Such a column, the 
working of which is uniform and continuous, renders it possible 
to^work much more economically. Amongsfc the best-known stills 
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of thin nature, those of De Lair, Feldmann, and Grunel>erg*may be 
quoted. • 

Feldmanns Still. —The arnmoniacal liquor contained in a 
resei'voir a flows into aimeasurer b, passes through the pipe c 
fitted with a valve r into a tubular preheater J, rises through d 
into the rectifier A, where it meets the ascending steam which de¬ 
prives it of all volatile arnmoniacal compounds. Finally it flows 
into the lower part of the column or decom]X)sition vessel B, into 
whjch milk of lime contained in the vessel H is forced from time to 
time by means of the pump G and the pipe n. The arnmoniacal 
compounds which have resisted the action of steam alone are de- 
composoiJ in B, where the liquid is kept in motion by a jet of steam 
injected through the pipe p. The arnmoniacal liquor treated by the 
milk,of lime, the non-volatile compounds of which are thus entirely 
decomposed, flows out in a continuous manner through the. 
pipe e into a small column C, where the remaining ammonia is 
volatilized. The water, completely exhausted, collects in D fitted 
with a water level ij, and runs out in a continuous fashion into/. 
The steam enters the apparatus by the pipe ;/, fitted with a valve 
(/'; it passes through the column C, the pipe h and the column A, 
the pipe i, and finally, charged with ammonia, it enters the satura¬ 
tion vessel F, filled with sulphuric acid and cooled by the water of 
the reservoir E: The gases not absorlxid in F, viz. steam, COj, H^S, 
are led by the pipe k into the tubular preheater .J, where they 
transfer their heat to the arnmoniacal liquor. The sulphuric acid 
contained in the vessel F is sufficiently concentrated to allow the 
sulphate of ammonia formed to precipitate completely as soon as 
saluiution is complete. The disengagement of heat accompanying 
the combination of ammonia with sulphuric acid gives rise to very 
energetic evaporation, which considerably facilitates the precipita¬ 
tion of the 8ulj)hate. Feldmann’s stills work very economically and 
are used to a large exUmt in Germany. A large-sized still of this 
type will distil 44.000 gallons of arnmoniacal licjuor in twenty-four 
hours. ^ (. 

Gnmebenj and Hlwn'is Still. —In this still the liquor first passes 
into'a tubular preheater B through the pi)ie «; it thet^ ascends into 
the column A by the pipe b, aivl descends the column from plate 
to plate, meeting in ifs passage a current of steam ; then it passes 
thR>ugh the pipe e into the Isriler F, which contains rrtilk of lime, 
where the combined ammonia is lilrerated. The liquid gradually 
fills thi* boiler F, risCa.alx)vo the level of the pipe /, flows into the 
mud pocket ;/, passes out at It, spreads over the gi-adations of the 
column i, and runs awayvby the pipe k and the orifice t. 

In the Iroiler O the water Which i>o\v contains only a portion of 
the ammonia liberated by the lime comes in intimate contact with 
the steam, which is ilijeoted through the perforated coil d. Tjje 
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etearD*[oreed by the concentric sides of I to rise alonj; the^-ailationa 
of the column becomes charged with the ammonia it meets, and 
passes by the pipe m into the pipes n, which force it to travei-se 
the liquid of the milk of lime chamber, ’ihe ammoniacal vapours 
aftervtords rise into the rectilier, and tinally when they are entirely 
deprived of water they pass through the pipep into the saturation 
vessel U. The evil-smelling non-condensable gases are collected 
in the hell q, whence they return through r and s into the preheater; 



finally they are burnt in a speciij furnace. Tin; milk of lime is 
injected by the pui^p 0 into the still througl* the pipe r. Stills of 
this type fcave been instalhsl capable of treating 55(KI to WOO 
gallons of ammoniacal liquor in twenty-four hours. Thtry work 
economically and require little sujKjrintendimde. * 

Itemarks .—Continuous stills should he entirely of cast-iron. 
Copper and bronze should not be used, sinaj they are rapidly corroded 
by the ammoniacal vapours. The )hesence of ammonium sul))hide 
in the ammoniacal liquor is very deleterious and in large (juantity 
egeu poisonous. This body gradually corrotlfcs even cast-iron vessels. 
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Therefore, ^ron reservoirs are sometimes replaced by cement* ones.. 
According to»Kunheim, gas litjuor may he freed from sulphur by a 
strong current of air, tli<! effect of which is to decompose the 
ammonium sul])hide into H|S and NH.,. • 

Mannfaciure, iif S'idpkala of Ammonia from C'rwc.—Antougst 
organic matters putrid urine is one of the most important sources 
of ammonia. The putrefaction of urin(! gives rise to the formation 
of carbonate of ammonia, ur(:a (X)N.,H, decomposing as follows :— 

CONJI, + 211.,O = (NH;),C0^ 


An adult produces on an average dO grins, of urea daily which corre¬ 
sponds to an annual production of 24 kg. or ,621 Ih., nearly 4 cwt., 
of sulphate^of ammonia. To gauge what this means, fjondon with a 
iwpulation of, say, 6,000,000 ))roduces in this way nitrogen equivalent 



Fid. -ts.—FisurraV I’liiiit for F.xtnuaioii of Atnuionia from Urine. 


to nearly 120,000 tons of sulphate of ammonia, worth at the present 
time (liilU) .£17 per ton, or a total value of £2,000,000 aiiiuially-- 
the real loss is the value of the ainnionia^which is £1,500,000 -run 
into the sewers and finally out to sea'. 

AV the carlionate of ammonia is very easily decofiposed into 
CO.j and NIfj, it has been thought advisable to utilize urine in the 
manufacture of sulplvtte of ammonia. Figuera used the following 
appbratus for the purpose. In the furnace V is the hoileftW, which 
propels steam into the wroiight-iroii cylinders C C' containing about 
100 he^Jolitres (2200 givllons) by the pipes T and T'. The twcr 
cylinders are chargrxl with putrid urine. The ammonium carlxinate 
vaporized passes hy T” iti;.o the lead coil e in vat A ; it condenses 
with the water and passes in the state of solution into the vessel S 
filled with sulphuric acid, where it is convertwl into sulphate of 
ammonia. The lirjuid usial to cool the coil in the vat A, containiqg 
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alx)ut^50 litres (55 jialloiis), is putrid iirine. wliicli tlHuictipasses into 
the cylindei'S {’ anti (" l.)y a pipe not shown in tlu^ liguro. The 
boiler W contains the hot litpior not »iUirely exhaustt'd from a 
previ^ui^istillation which still contains a snmli proportion of NH.,. 
The pipe T h^ads the steam .into the vessel (’: in is a pipe which 
dips a little aljove the bottom of the boiler whilst its other end passes 
outside the factory roof: n is a safely pipe which indicates sii the 
same time (by the ascent of Iwiils of frothf if the level of the liqtiid 
has lowered to the ent! of tlie tube m ; e is a discharge Tlie 

vessels R and R' are to retain the ahnndunt frotli wliieh would 
otherwise contaniinan* the distillate. To ascertain lli(‘level of the 
froth in the vessels R R', these are filted at dillerent li.*ights with 
three lateral apertures closed by wooden ]>lugs. through .which llie 
froth flows when the plugs are removed ; wlum lhedistiIlaiion.-wlticli 
lasts about twelve hours, is linished the hoih'r ^\ is emptied and again 
tilled with the* mine contained in 

t iihzafion oj Peni in the Mannfdctiire of Anivioniacdl Solis .— 
1‘or some years greater ami greater (‘fforls hav<‘ been made to 
Utilize ]K'at in the mamifactnre of sul])hati‘ of aimnonia. 'IHie 
ahundanci* ol the raw material, its cheajiness and the* faciliiv of its 
extraction, and linally tlie unlimited oulli't f(tr I'Oinniercialtnitrogen 
as manure, are all factors which are in favour of llu* nsr of p('iit. 

Numerous processes have been invented l(»r the exlrat’tion of 
nitrogen from peat. (1) In that of Van llrelien {RH);p the ju^lvbr- 
ized substance washed with IK'I. then with ordinary water until 
neutral, is placed in th<‘ r(‘C(‘ivers arrangeil in dilfusion hattei \ style, 
where they are methodically exhausted by water cl^irge«l with 
ammonia, whicli facilitates the solution of nitrogenous matters. Jin- 
gas is extracted frouj the linal pimhict for re-nse. Ihit only 
nitrogt-n in hinnic acid comhimition is obtained, whicii restricts 
its use in the jnamifaclure of chemical manures, ami the vaim- of 
which does not exc(‘(*d that of organic nilrogon (rhlr infro). The 
value of the organic nitrogen of manures is iiicn-ase<l Iw convj'iling 
it into animoniacal com)»und^s. Kie.knmnn ((lornian ]iatmit. No. 
H238) submits peat ])reviously heated to from 350 ('. to HtK) (’, to 
the action oi a irtixtnre of air and steam ; hut, as aln-ady mtiiittoned, 
a gi'eat part of the ammonia is des^oyed at such high temperat\tres, 
so that the yield is j'ery poor. Waltereck (F**nch jaitenl, !M5.399) 
obtains l)€#ter results by heating ))cat either alone or mixed %ith 
other carlx)naceous matters to a maximum tt!mj)erature of 300** to 
C., at which the mass is not incamlesctn\. The inixtve of air 
and steam heated to 300" C. (572" R.) is brought in contact with tin- 
peat in vertical i?'on retorts suiTounded by refractory- hj'icks. The 
temperature of the mass rises natufally uj) to 400" ('. (752 F.); at 
which point the heating of the arriving gas is Rtopp(^d, the In-at })ro- 
disced by the reaction being more than sifllieient to maintain the 
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emperatu^ at a suitable degree. The arrival of the air is so'timed 
iS to oxidize»completely the carbon of the charge in three to six 
tours. The quantity of qfeam should be proportional to the tem- 
lerature. The inventor (qprt. of addition No. 6407) Iras been 
inabled to suppress all fuel by replacing the steam with very finely 
mlverized water in the current of air injected. The ammonia is 
ixtracted from the gases by cooling with or without a spray of water; 
tmmoniacal liquors are thus obtained which are treated as usual. 
Vs Muntz and Laine have determined, yields much superior to those 
)y dfy distillation have been obtained where the coke retains 1 per 
ient of nitrogen ; a peat containing 2 per cent of nitrogen yields 1'6 
o 1'8 per cent in the form of ammouiacal liquor. 

Muntz*,and Girard distil peat (previously dried and crushed •) 
n a current of superheated steam. Water gas, mixed with am- 
noniiJbal vapours, tars, pyroligneous products, are produced. The 
:ombustible gas is used to heat the retorts; the distillation products 
;reated with bicarlxjnate of soda residue from the extraction of the 
immoniacal liquors yield NH, and COj, the latter re-entering into 
;hp manufacture ; and acetates of lime and soda, methylic alcohol, 
ind analogous products, accumulate in the mother liquors of the 
sicarbotyvte of soda, f»om which they are extracted by distilling the 
mixture of alcohols, and NH^ neutralizing NH^, and then redistilling. 
Finally, the residue from the distilled peat may be used as a substi¬ 
tute for animal charcoal in the manufacture of clarifying and purify¬ 
ing niters. The ammonia is present in the ammouiacal liquors 
principally as carbonate. 

Gaillot and Brisset convert the organic nitrogen of peat into 
ammonia Ify slow combustion. The dry or moist peat—pure or 
mixed with other nitrogenous matter—is finished, then fed into the 
hopper A of the oven (Fig. 49). The bottom of the hopper consists 
of a grating of flat bars capable of being rotated after the style of 
the laths of a metallic Venetian blind, in such a way that if it be 
turned on its axis the charge passes entirely into the oven, which 
is at once closed. The combustion of tlq; peat is fractionated into 
two stages; at first it passes from the top of the furnace into the 
distiliing zono, where it is dried and then heated to coqvert it into 
a sort of coke. The gases prodiyied charged with steam, ammonia, 
and tar pass into h. 4 ,The barred grate C enables the admission of 
the iocandescont coke into the zone of combustibn to be i«gulated— 
a real furnace, where the peat burns before passing to the ash-pit. 

* * • 

‘ The diying of peat is u costly item even when air-(lrie<l. But here in wet 
seasons in inivuy peat districts it cannot be air-dried: resource must therefore be 
had to artificial drying, and th*b whol^ manipulations—-making and maintaining 
roa<l to moss, casting, spreading, turning, cocking, carting, stacking, and crushing 
the peats—bring pt^at too near the price of coat for its treatment to prove re¬ 
munerative.—Tn. 
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The ammoniacal gases, dry and very liot, pass out bv the pipe 
utilized as a heating surface for the concentration of the ammoniacal 
liquors. Dampers F as well as shaking grates C and K enable the 
progressipf the combustion to be regulattal. 

il^nperation of the .1 i/nmniia.— For the manufacture of fertil¬ 
izers it is advantageous to substitute for simple condensation a 



method o^fixing tl* ammonia in a form immediately utilizahhijis a 
manure. The porosity of jieal gives it a considerable, ahsorjitive 
capacity. lJac(jua and Lorette use it to absevb the ammonia from 
the distillation gases. These pass into chambers contaiiJing per¬ 
forated l)oxes arranged as bailies and filled with a mixture of Jicat, 
sawdust, and sulphuric acid, and,are there dej)riv«l of all their 
ammonia. 

Gaillot and Brisset use pure ]x.at impregpated with acid solutions. 
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o? mi)fed with superphosphate of lime as an absorbent. Th^ir re¬ 
cuperator 49) consists of a tower K. divided into ten stages by 
wide oscillating flat bars driven independently, so as to be able to 
regulate from the outside ^he forced methodical circulation of the 
absorbent of whatever natui^e it may be. The arrivals respectively 
of the hot and cold gas produced in their ovens, already described, 
are in 0 and JI at heights calculated so that the space HI is 
sutticient for the gases escaping by the chimney I not to contain 
more than tracers of ammonia, and that the path (HI suffices to dry 
perh^^ly the manure r(;aching the discharge door of the oven L. 

Muntz and (rirard collect ammonia by condensation and 
bubbling, purify the ammoniacal li<|Uors by distillation, then treat 
them with Na(<l. Ammonivnn chloride and insoluble bicarbonate of 
soda are oblaimsl; the carhonation is tinished by a current of carbonic 
acid ffcom tlni residual bicarbonate, then it is tiltered. The calcina¬ 
tion of tint ]n'oduct enables the ammonia to l)e recovered, and gives 
CO., ntili/.ed for tb(^ next carbonation. The filtered solution con¬ 
tains an exc(!ss of Na(>l and ammonia, as ammonium chloride and 
<;arl)onate. 'Plui carbonate is separated ))y distillation, and calcined 
at*a higlnu’ ternp{U'atun*. Na(ff, e(jually soluble in the hot state as 
in the cold, crystallizes ; it is separated, and there is finally obtained a 
very coiibentrated solution of ammonium chloride, which is crystal¬ 
lized. Thti product may al'Uu'wards lx* r(‘tined or used directly as 
nij^nure. 

Manufacture of Sulphate of Afmnonia from i'eat hij the Mo7td 
ProccHH. -AfUn' numero\is \mfruitful experiments on the utilization 
of peat, Dr. Caro hasa})plied tin? Mond process, by which poor coals 
are utilizedi, not oidv to prodiute gas to <lrive motors, but also to 
ulilku'i tlieir nitrog<m as sul))hate of ammonia by giving to the gas 
producers an appropriate arrangement. Experiments made in this 
direction at Stockton by Mond for the utilization of peat have given 
very satisfactory results, an<l as a seqiiel to these an experimental 
factory was installed in (iermany capable of treating 50 to ()0 tons 
of humid peat daily. That factory commenced to work in 1908 by 
utilizing 1)50 tons of peat placed at its'disposal by the Vrussian 
Minifitry of Agriculture. The ju'at, a portion of which had been 
delivered as far back as 1907, and another part in the spring of 
1908, after having been kept in the open air, was very wet; certain 
parts containing 4‘2 -f7 per cent of water, otliers (i5'70^per cent. 
The^iverage percentage of nitrogen calcula-ted on the dry sample 
was 1()5: the amount of ash was. oti an average, 3 per cent. 
With th< daily treatmeift of 45 tons of peat with 42 to 47 per cei^t 
of water, 100() kg. {one metric ton) of dry substance yielded in the 
gas producer 2800 cubic ihotres,of gas, containing 17-4 to 18 8 per 
cent of carbonic acid by volume, 9 4 to 11 per cent of carbonic 
oxide, 32*4 to 254) pe^- cent of hydrogen. 2-4 to 3'6 per cent of 
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meths^e, 42'6 to 46'6 per cent of nitrogen, and only trabes 6t 
•oxygen. The combustible elements of the producer gasesAimounted, 
therefore, to hetween 36 and 3'.l per cent, and their calnritic in- 
tensity was, on an average, 1400 calorit's per ciil)ic inelre. For 
peat, 65 to 70 per cent of water,*Ilie pei'centage of cai-lwnio 
acid and tlie volume of gas -was liigher, Imt the total amount of 
combustible elements fell to 2S-6. Now, as the gas from blast 
furnaces, with 20 per cent of total eonibustihles, is still ulili/able 
to drive gas engines, the gas. witli 2S-6 per <a‘ni of comhustihles, 
yielded by such a wet peat might also he used to drivi* ox)J^sion 
motors, and. with greater reason, for heating. A measunMl samph' 
of the normal gas. witli iUi to :{0 ]h v cent of comliuslihle elements, 
was taken to a 50 II.1\ gas motor. rui<*d with a Prony l»rak(‘, and 
it was found that for one etVective 1M‘. it was neeess.irv to use 
2‘4 cul)ic metres. Tar dust was almost coin^iletelv ahsenti ;\s 
1 ton of peat yields 2 m 00 metres of gas, that gives a sield <if 
1160 horse-power hours, and as the gas. escujiing at 500 snllices 
to ])ioduce the steam reipiireii for the piodueers, and as the air- 
])um))s and water-])um]»s, as well as the seiuhber. requii-e liith' 
force, one is safe in counting on a viehl of 1000 hoise-]iower hoift s • 
per ton of dried peat, that is, on an amoujit of energy snllieient to 
combine 50 kg. (say 1 cwt.) of alinosjdierie mlrogiui under fhe form 
of calcium cyanamide, (’aN„H., or from Hi to 20 kg. (.‘t5 2 to 14 Ih.) 
of nitric acid. , 

Ibtt the agricultural utilizatifin of )»eat is still more auvanti^jt'ous 
if the ammotiia he extracted from the gas geiieiuled iu tin' gas pro¬ 
ducers. If all the organic suhslance of the peat he gasilicil in a mix¬ 
ture of air and su}>erheated steam, liydrogenalion of the nitrogenous 
•subslanccH of tlie. fuel is ])n)(luciRl, i.e. of tlu^ ]»eat. and ibis 
hydrogenation is so energiUic that, if tla* gas be washed in a Knl))huric 
acid scrulibou, 77 to MO j>er cent of its nitrogen is olitained as 
sulphate of ammonia. The peat hurnt at So<liugen, whicli cotitained 
T05 per cent nitrogen, gave an eifeclive sieM of 40 kg. (HH ih.) of 
sulphate of ammonia per tmi. A small lot of pi-at -gasifieil in tin? 
Stockton factory which cbtitained 2 H percentof nitrogen in Ou'dry 
substance gave hkewise, accrtnling to tlu' exjM-iitnenlsof Or. Cavo, as 
much as I 01 kg. (242 lb.) of sulphate of ailimonia )>er tou, whilst (Xial 
genei*aliy contains To jier cent of hitrogen. No account was taken 
of the secondary products of the cotnhustion m’jieat tar, for inshyice. 
which is o1)tain(‘d in somewliat impoitant (juanlity, as w<*ll as acetic 
acid and wood-spirit, because time was wapting to e^^titnate the 
vS,lue and importance of these hy-jiroducts. Vn<l aflerwards^becauso ^ 
it yvas thought that lh<j gasification of peat would not devxdo]) on a 
large scale unless the two chit'f jiro4l,ucts y^hich it yielded, motor gas 
and sulphate of ammonia, offered stiflicient profit without it f>eing 
necessarv to iustai complicated er|ui]uneiit (or the treatment of the 
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l?y-pA(duct8. If afterwards the treatment of the by-prodnjts ap¬ 
pears to hfe profitable, it will then be time to examine them, but at 
the present they have not been taken into account. To finish, let 
us quote an arrangement for the extraction of ammonia from com¬ 
bustion gases, which is the'subject of the American patent S16,035 
pf 6 March, 1907. The hot gases from the combustion products of 
coke ovens, etc., enter by a tulre A into an apparatus containing 
the tubes of a refrigerator B, and from there into a second refriger¬ 
ator 1), by the pipe C. A pump G aspirates the cooled gases from 
the «nfrigerator 11 by the pipe F, and propels them into the tar 
separator H. The gases freed from tar return by the pipe I into 
the refrigerator D, and from there by the pipe K into the refriger¬ 
ator B. *111 the refrigerators B and 1) the gases are reheated hy 
the hot grfses which enter by the pipe A and suiTOund the tubes. 
From there .the gases pass through the pipe L into an acid tow'er 
M, which is filled with coke or analogous material, on which a 
reservoir N delivers acid as a fine rain. The gases thus freed 
from their ammonia pass through a pipe O, into a refrigerator P, 
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and can then be used for different purposes. The ammonia ex- 
traV;ted from the crude gas combined twith acids, is condensed in 
the refrigerator 1) at the same time as the water. The liquid 
separated in B and in 1) is evacuated by the pipe Q into the reser¬ 
voir B, and from there it is directed into a distilling apparatus S. 
In that apparatus it is distilled by steam along with milk of lime ; 
the ammoniacal vapours pass hy the pipe T into a saturation reser¬ 
voir U, which is fed through the pipe \'with lirjuid formed in the 
acidi tower M. The sulphate of ammonia which is deposited on the 
bottom of the apparatus U is evacuated in a continuous manner by 
the injector W. The residuary'water from the still is conducted by 
thqpipe W', termimJled in the form of a rose, onto the chimney X, 
the draught of which is stimulated by the fan Z. The sulphate of 
ammonia thus prodjiced contains, according to its percentage of 
moistuAb 20 to 24 per Cent of ammonia, which corresponds to '77 
to 93'2 per cent of sulphate of ammonia, or to 16'5 to 19'5 per cent 
of nitrogen. ' 

CriMe Amvtottia from Spent Oxide .—The liquid obtained from 
sulphate of iron and lijnc used for purifying coal gas, which con- 
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taioB spent oxide, furnishes a product called crude aniin 9 uift {vrud 
d amnionuic). Althoufth ammonia can be extracted from it in the 
pure stale by treating it like gjis liquor, gqtiemlly it is simply con¬ 
centrated evaporation. A product is then oblained whicli should 
only be“employed as mamnv with great pivcautions. Some yeare 
ago Maercker analysed a product of this kind, under tlu* name of 
crude ammonia. He found the following proiluets 


TABLK TAX.—ANALYSIS OF SFKNT OXIDK FlUIM GAS 


MoiKture. 

Sulphate of aunuouia . 
luKoluble nitro^jen coinpoundK 
FerrouH sulphate . . . . 

Sulphur. 

Cyanofieu compounds 

Ferrous oxide and ferrous Kulphide 

liiiue orj'anic matter 

Sand, clay, etc. 


iVr ooU. 

H-7 

17‘W - 4-r) p«‘i (‘t ill nilrogefj. 
•V I - 1-H 

ir,r. 

lU-7 
1-2 
22 •:t 
14-K 


lUUd) eojitaininf' h-d per cent N. 

Amongst these compounds th(‘ sulphate of ammonia is the only 
fertilizing material; the; insohihle nitrogenous compounds, the 
sulphur, the lime, th<; sand, the clay, are inert materials; whilift 
the sulphide of iron and the cyanog(*n compounds, an- plant poisons. 
These suhstana'S should not Im* (unployed as manure under any 
pretext. 

Another cnul<‘ ammonia of this natin t'. exceedingly <fangerouH, 
and also from an English sburee, and jnit on tlie market under the 
name of brown sulphate of ammonia, was analysed hy (!. Schuman. 
This product contained 


!%'/• cent. 

Water . . . • # • VMO 

Sulphate of ammonia . . 14 S7 S-W) jx r cent nitro(;en. 

Sulpliocyanide of ammonia ’ . 7;MM r- 10'.74 ,, „ • 

Sand . . (V2:4 * 

U'.eyo with 20'1I4 [M-! cent N. 

• 

The ammoiiiuiii huipnucyanide contained therein is cMMX^dingly 
poi^nous to plants, and l>efore using any products of this ^lature 
it is necessary to ascertain if they are exempt from this substance. 

The departmental laboratoiy of Ghalons-sur-Marne analysed in 
1907 a somewhat large numlnjr of cihde ammonias from different 
sources. The composition of some of the samples examined is given 
in thfi following table:— 


17 
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TABLE t.XXI. —I’EIICENTAOE OF DIFFERENT NITROGEH COM- 
I’OUNDH PRESENT IN A SERIES OF SAMPLES OF CRUDEliAM- 
MONIA FROM GAS WORKS. 



1 Total 
i Nitrogen. 

■ I’er cent. 

Nitffigfin 
H'tluhle iu 
Water. 

I’cr cent. 

' 

Arumoniacal 

Nitrogen. 

Per cent. 

Nitrogen of 
V>nlj)ho«;yanide 
Per cent. 

Insoluble 
Nitrogen. 
Per cent. 

> 

•Moisture. 
Per ctMit. 


. 2-69 

0-817 

0-22 

0 

1-87 

26-62 

2 

i 6-61 

1-718 

1-01 

0-167 

3-93 

14 05 

3 

j 2-im 

0-89 

0-37 

0 

2-07 

2-62 

4 

7-08 

4-:)2 

2-89 

0-789 

2-70 

16-68 


i ii-so ' 

0-198 

0-J81 

0-008 

3-01 

12-68 


t 3*16 

o-.t.h; 

0-321 

0-044 

2-70 

3-20 

7, 

■i-ir, 

0-390 

0-076 

0-307 

2-30 

11-88 

8 

6-24 

1-619 

0-922 

0-307 

3-73 

20-40 

9 

4-19 

2-24 

1-19 

0-H32 

1-96 

17-32 

i 10 

2*66 

1-HS 

0-498 

0-640 

M8 

4-60 

11 

6-40 

2-90 

0-916 

0-4518 

3 •60 

16-14 

12 

8-04 

4-29 

1 -647 

1-210 

8-76 

24-57 

13 

6-43 

1-58 

0-99 

0-195 

3-8.6 

.5-72 

14 

9-7() 

0-34 

4-186 

0-960 

3-80 

6-74 

16 

64)0 

4-4*' 

2-61 

1-198 

2-18 

10-41 

16 

64}() 

1-68 

0-097 

0-636 

5-02 

22-67 


" This shows that tiu; composition of tlu;sc crude wastes is 

very irregular. There seems to he no relation between the dilTerent 
forms of nitrogsm to Ixi met with therein, in appearance, smell, and 
moisture they vary (exceedingly, some black, others brown, whilst 
others present a whole jday of colours, from deep blue to almost 
black, or greenish-hlne. Sometim((s the smell is sulphurous, some¬ 
times cyanic, at other times the smell of henzein; or tar predominates. 
Their consistency is generally pulveruUuit, sometimes, however, it is 
damp and pasty, ami manipvdated with dilhculty. All these varia¬ 
tions are explained by recalling the origin of the crude, which is a 
material tor purifying coal gas. .Aminoriacal compounds, sulphides, 
cyanides, come from the gas, also naphthalene and tarry matter 
vailing in proportion according to the coal used, and elso according 
to the arrangement of the pu-itiers, because efforts are made to 
retain the ammonii ■ and the tar before they reach the crude. The 
Butostances used to retain the impurities are not always the classic 
lime and sulphate of iron (green vitriol), which yields sulphaW of 
lime a^d oxide of tron; the inert absorl)ent, generally sawdust, 
sometimes consists of shavings, or again of earthy matter. The 
arrangement in the gas-works wl\ich delivers the waste have there¬ 
fore a great influence on its composition, and this influence further 
increases by the care taken in storing the material after it has been 
removed from the purtfiers. 
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Pre^aratwn of Ammonm Synlheticalhj from its Kieimuts.~^^h^ 
production of ammonia syntlietically f.v-om a mixture ^of nitrogen 
and hydrogen was lirst brought about l)y Igonkin ^ with th(‘ aid of 
the silent ^ectric discharge; it has also l^een known for sonm little 
time thdt nitrogen and hydrogen could be nnule to unite by means 
■of catalytic agents. Under 'ordinary conditions, however, the 
-amount of ammonia produced in this way is but small and the 
reaction was not further studied until the matter was taken up by 
Haber in Germany who investigated the problem most camfully 
with a view to detennine the conditions most favonrahle t<1*^he 
union of these two elements and thus laid the foundation of what 
is now one of the most important of tlie chemical industries. The 
practical development of the process was undeitaken/ by tlie 
Badische Anilin und Soda Uahrik at Oppau near Ludwigshafen 
jvith such success that now more than riiXl.OOO tons fsomtf say 
1,000,000 tons) of synthetic ammonium suljihate are annually pro¬ 
duced in Germany, besides which tin' ammonia is oxi<lised to nitric 
acid for the production of nitrates, so that the process has helped 
to a very large extent to render Germany independent of any ex^ 
ternal soui-c(!s of nitrates for the production of exjilosivi^s, dyes, etc., 
and for agricultural purjjost's. , 

Notwithstanding the interest taken in this process the details 
have to a very large extent been kept secret, so lliat little information 
has been availahh?; Indcjiendent workers in other countries, there*" 
fore, have had to develoj) the methods for themselves. In a papier 
by Haber and Lc Kossiguol,- however, have been given some details 
■of working with an ex])<‘riinental a)»)>aratus. They staU; that the 
nitrogen is preferably obtained from air by li(jnefaction, ftut it may 
also lie produced by the alternate action of air and prodncj-r gas on 
h*‘ated copjier. The hydrogen may he produced by the decouijKisition 
of distillation gases, by tin; alternate action of steam and reducing 
gases on heated iron, by the eli-ctrolysis of wat<*r, or Iiy the action 
of water gas on calcium hydroxi<le. 

The apparatus consists^essenli.iily of a long steel tube which 
•contains a layer of the catalyst in the form of powder or granuIeH, the 
latter being heaWd to the re<piired temjitualnre whiit; a mixture 
of the two gases under consideraljle pressure is jiassed through. 
Temperature and pressure are most iinjiorlan^. The most active 
■catalyst waf found lA' Halx*r and van Oordt to he mangant'sij, i^ut 
the present authors state that both osmium and uraniiyn are far 
more efficient. The highest yield of aminoniadn the issuin.g gases 
was obtained at a temperature of 500’’ C under 200 atmospheres 
pressure, when 181 per cent of ammoi;ia was oliserved. This 

‘W. F. Donkin, “Proc. Koy. Soc. XXI.,“ 2H1. 

*F. Elaber and B. Le Boaaignot, “ Zeil. EIe#tro*chem.,'’ Itll.S, 5S. 
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quantity's, however, exceptional. In a series of experimeftts with 
uranium a»catalyst under varying pressures and temperatures, and 
with different rates of flow of gases, from 1‘97 to 5 5 per cent of 
amminia was found in t(jie issuing gases. There seemed to be no 
difficulty in maintaining about 5 per cent over a lengthened period. 

The ammonia is obtained from'the gases by liquefaction in a 
refrigerating macbine ; a certain proportion, however, cannot thus 
be liquefied but remains in the gases, which are strengthened 
by^ddition of fresh nitrogen and hydrogen and again passed thi ough 
the catalysis tube. 

Tbo Haber process has been the subject of a considerable 
amountjOf researcb in this countiy during tbe last few years, the 
work which has been done oti these lines being described in a paper 
by Ik Maxted.‘ As emphasized by him, it is necessary, in the 
first place, to prepare the hydrogen and nitrogen in an almost 
absolute state of purity, since many substances which might be 
present in the imjmre gases act as catalytic poisons and entirely 
prevent the reaction. Pure nitrogen is obtained from the atmos- 
'phere by liquefaction and fractionation. The liquefied product is 
caused to flow down a fractionating column up which passes a 
currenA of air coohid to a little above its liquefying point. In this 
way the oxygen of the air is condensed and Hows downwards while 
the purified nitrogen gas passes upwards. The liquid mixture of 
bxygen and nitrogen falls to the bottom of the fractionating column 
where it is subjected to a continuous fractional distillation yielding 
in turn pure nitrogen and pure oxygen, the former being again ad¬ 
mitted to the airparatus. By this method of working only about one- 
fi(th of the air treaterl is actually licpiefied. 

With regard to the preparation of pun,' hydrogen, several methods 
have been studied but for reasons of economy electrolytic methods 
are out of the question. The best process appears to be the so- 
called continuous methori in which a mixture of water gas and 
steam is passed over a catalytic agent, usually activated oxide of 
iron. By this method the carbon mocuoxide in the gas is replaced 
by hydrogen— 

CO + H.p = CO. + Hj. ' , 

The carbonic act’d is removed from the gas by'compression over 
water, and the small quantities of sulphuretted hydrogen, etc., 
which are also present, are absorbed in oxide of iron purifiers. The 
gas erjen after this treatment is not entirely free from carbon mon¬ 
oxide. which may be present to the extent of 1 or 2 per cent, and as 
this acts as a catalytic poison it is absolutely necessary that it 
should be removed. This residual carbon monoxide, it was found. 


' E. B. Maxlud, "Jour. Soc. Chem. Indt.,” 1917, 777. 
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was really produced by a secondary reaction in which, at the^ij^h* 
temperature of the catalytic furnaces, carbon is deposited from the 
carlx)n monoxide, and this again formed carbon monoxide by re¬ 
acting wity the carbonic acid. By a modification of the method of 
manufacturing the water gas sufticient Jlirl)onic acid is ensured to 
prevent this reaction without appreciably adding to the cost, and in 
this way hydrogen is prepared containing 99'9‘i per cent of this gas 
and 0'06 per cent of nitrogen, and entirely free from carlx)n mon¬ 
oxide or carbonic acid. 

For the synthesis of ammonia, the nitrogen and IjydrogtiWtre 
mixed in the proper portions and are then submitted to considerabh* 
pressure, and while in this state the mixture of gases is passed over 
a heated catalyst. It has been found by experiment that \^^ry.high 
pressures favour the production of ammonia from its elements and 
^t the same time lower the tendency to dissociate, hence tlio v^)rk- 
ing pressure is ke])t as high as possible conditional to the strength 
of materials and the proper working of the plant, this being 180 to 
200 atmospheres. The choice of the catalyst is important since the 
percentage of ammonia in the exit gases is to a great (*xtent de¬ 
pendent upon the catalyst used and its condition. No doubt the 
rai e jnetals of the platinum group would be inpst ellicicmt but they 
are expensive, therefore a cheaper catalyst is to he preferred. The 
most eliicient of the latter class are uranium and iron, and although 
the former is the better of the two it is moi'e ditlicult to prej^ai'e and 
also to regenerate; moreover, it is (piickly rendered inactive ‘I))' 
moisture in the gases. The iron employed is not pure? ))ut wry 
«mall (jiiantities of other elements, known as "activating” agents, 
are added to it. After passing througli the lieated catalyst*the gaK(‘8 
are cooled to - 77 ‘ (’. to liefuefy tin; ammonia, the gases being thfen 
circulated again through the ap]Miratus. The Ilahcr process was 
first installed on a commercial scale in Germany in 1913, the 
capacity of the plant being about 30,000 tons of ammonium sul¬ 
phate per annum. In that year al>out 20,000 tons W(M’e actually 
produced. The production then ra])idly increased: in 1914 it 
amounted to 00,000 tons,, in 'lOlS, 150,000 tons, and in J9I6, 
300,000 tons. Iw 1917 the j)lant was extended so that the pro¬ 
duction in tliat year would aniount^to over 500,000 tons calculated 
as ammonium sulphate. . : . 

I^repani^ionof X^ric Acu} hij Aniintniui. .'-Aminqpia 

salts are oxidised by bacteria in the soil to nitrates, btit unljl recently 
it \yas not possible to do this by chemical nieans on a large scale. 
The metho<l of oxidising ammonia to nitric acid in jjresetice of 
platinum was known by Kuhlmann as back as 1H30, but its 
pmctical application was only made •possible in 1902 through the 
researches of Ostwald who employed a catalyst consisting of 
ordinarj' metallic platinum coated with platiwum black, over which 
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a mixtui^ of air and ammonia gas was passed at a high-velocity 
to prevent the decomposition of the oxides of nitrogen formed as a 
result of the oxidation., 

At the present time th^re are three methods of wrorjfing which 
are essentially similar but differ in the catalyst employed.- In the 
Ostwald process a platinum plug'is now used, but the process 
most favoured is that in which a platinum gauze net is heated 
electrically. In another process base metal catalysts are employed 
which are “ activated " by bismuth or copper. In the Ostwald 
pr8K;H8 the mixture of ammonia and air is passed along a ‘‘ heat 
interchanger" in which it comes in contact with a platinum plug. 
The yield of nitrate is good, averaging 90 per cent or even more, 
but the ^temperature is not so easy to regulate as in the process 
whore platinum gauze is employed. 

The production of nitric acid from ammonia has been closely 
studied by the Nitrates Section of the Munition’s Inventions 
Department with considerable success, and a description of one 
form of catalytic converter which has proved exceptionally efficient 
^las been given. This consists of two cones joined together by 
segments which are rectangular in section and of cast aluminium, 
provic^d with flanges for bolting together. Perforated baffle plates 
are fixed between the segments, except in the uppermost one 
which carries the frame on which is stretched the catalyser gauze. 
There is an opening in the upper cone covered with a mica window 
through which the catalyst can be observed while working proceeds. 
There is also an inlet pipe below for the introduction of the 
the ammonia gas and air and a corresponding pipe on the upper 
cone for the exit of the nitrous gases. The length of the converter 
is about 4 feet and its approximate wdight 32 lb. Air is supplied 
by means of a blower, the ammonia gas Ireing introduced into the 
stream through a aeries of nozzles, the flow of the latter iKsing: 
adjusted by means of a valve. It has been demonstrated, however, 
that better results are obtained by allowing ammonia liquor, 
containing about 25 per cent of the ga^, to flow down a coke tower 
up which a current of air is driv'en, the mixture of ammonia and 
aiP being subsequently .purified by passing it through a layer of 
coke or glass wool to remove qny dust or oxide of iron which may 
remain suspended ip it, the latter especially acting prejudicially on 
th« efficiency of the catalyst. ' c 

The catalyst consists of one or more sheets of platinum wire 
gauze.80 meshes to-tjie inch, of wire 0'0025 in diameter which.are 
taounted in an aluminium frame and fixed between the upper cone 
and the first segment. .The gauze requires a preliminary heating, 
which is done by electricity* conveyed by leads at opposite sides 
attached to the wire gauze, but sufficient heat is produced during 
the reaction to keep the gauz.e at the proper temperature provided 
that the flow of air and ammonia is regularly maintained. 
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Th% reaction which takes place is shown in the follchving 
equation:— 

INK. + 50., = 4N0 + ()II.,0 

Bui tHh greatest etticiency is attained when the proportions of 
air and ammonia are between those required to form N,.0.| and 
N 2 O,,, and nearest to N,,0.j. and the temperature between 650'* 
and 700° C. at the gauze. When the amount of air is higher than 
this the temperature is too bigli and losses occur owing to tlio 
formation of tree nitrogen, while less than this allows uniiJijg'ed 
ammonia to pass through and the temperature of the gauze falls. 

With regard to the ellicieney of this converter the following 
figures are given: With one gauze and no external hunting 90 
per cent of the ammonia was converted into recoverable oxiiles of 
nitrogen, with a flow rate not exceeding the e(|uivatent of O’^i ton 
“HNO^ per sq. ft. of catalytic area per 24 hours. With two gauzes 
under the same conditions the yield was increased to 0'30 ton with 
the same etliciency, or 1'5 ton with an ellicieney of H5 per cent. 
When the gauze is heated or the temperature of the gases is l aised to 
350° C. the efliciency is maintained with a much quicker flow of gasel, 
1'5 tons of HNO.| per sip ft. of catalyser area per 24 hours and 
with an efliciency of 95 per cent having bei'n maintained under 
working conditions. The platinum gauze used weighed about 50 
grams per square foot and the amount of nitric acid formed with 
two gauzes in position thus amounted to 15 kilograms per graiji of 
platinum per 24 hours, which is a highly creditable performance. 

After passing through the platinum gauze the hot gases, having 
a temperature of 400° to 600° U., are cooled as quickly as possible 
in a special form of cocjer lined with acid-resisting materials, 
and issue from this at a temperature of about 30" (1. More air is 
admitted so as to form nitrogen dioxide (NO.j). The latter may 
be used directly in the sul]ihuric acid chambers, or it is passed 
through a condensing tower down which water is allowed to trickle, 
and eventually it may be converted either into ammonium, 
potassium, or calcium nitflrte, by neutralizing the liquors with the 
respective carbonates and evaporating the solutions. , 

ComnierHal Sulphate of Ammonia. —f'ure sulphate of ammonia 
contains 25'7 per cent of ammonia or 21'2 per cent of nitrogen. 
Commercial sulphate contains in round numliers 20 per cent of 
nitrogen e*qual to 24 5 per cent of ammonia- the term tisefl in 
Great Britain is guaranteed; however, there is geneililly found 
other salts of ammonia which bring the total up to 25 p«r cent. 
Sulphate of ammonia when pure is white, but it generally contains 
traces of tar or its derivatives. The^elloit’ colour is often produced 
by the presence of arsenious sulphide, the green coloration by ferro 
cyanide of iron, hut these colours disappear jn di 7 ing. It is known 
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Ihat'ammonia is converted in the soil by bacteria into nitric acid, 
NHj + HNO., + HjO, but this nitriboation is only possible 
it the sulphuric acid of this salt be neutralized with lime. Com¬ 
mercial sulphate of amlnonia should be neutral and ciytain as a 
maximum 2 per cent of wliter; when it contains only 1 pe» cent of 
ammonium sulpho-cyanide (NH/INS), it is injurious to plants, ac¬ 
cording to Maercker. Hut these impure products are no longer 
manufactured. Sulphate of ammonia is dried in a steam dryer, and 
if necessary crushed in ball mills with a No. 50 sieve or in Carr’s 
disintegrator. Hags which have contained sulphate of ammonia, 
like nitre bags, are dried and cleaned by beating or by washing with 
water; the wash water in this case is returned to the concentration 
pan., 

TAB6E liXXII.—T.AHLK FOIl CONVKUSION OF NITUOGKN PER CENX 
INTO AMMONIA PER CENT AND VICE VERSA. 


I’ercentagfi of 

INirrientagi- of 

Perriftiitage of ^ 

IVrcentage of 

Nitrogen. 

• 

Anunoiiiii, 

Ammonia. 

Nitrogen. 

1 X 1-214 

• 1*214 

1 X 0*8287 

0*8287 

2 

2-42H 

2 

1*0474 

» 

H*<i42 


2*470 

. I 

4*H5(» 

4 

8*205 

, •> 

(i*070 

r 

•> It 

4*118 

fi ,, 

7*2«4 

0 

4*042 

7 

H‘4UH 

7 

5*760 

« 

1)*712 

8 

6*580 

t. 

io*».»2<; 

0 

7*418 

. 1» 

12*140 

10. 

8*287 

11 

i:4*H.'>4 

11 

0*000 

12 

U-.IOH 

l.i 

0*888 

1-1 

15*782 

18 

10*708 

14 

lirllOO 

14 

11*581 

15 

18*210 

15 

12*855 

16 

10*424 

10 „ 

13*170 

17 

20*038 

, 17«* „ 

14*008 

18 

21*852 

18 

14*820 

1« 

2H*JCI60 

10 

i5*or>o 

20 

24*280 

20 

* 10*474 

21 

25*404 ' 

21 

17*208 

‘22 

20*708 

.. . 

18*121 

•SB 

27*022 

28 

♦18*045 

24 

2U130 

24 

10*760 

25 

r 

« »0*3r)0 

25 ,, 

20*502 . 


As already mentioned, the strength of sulphate of ammonia may 
be expressed in two ways. In France it is customary to give the 
percentage in nitroge;i; in other countries, especially in Great 
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Britaim, it is given as ammonia, so that the same sulphate has a 
strength 21'21 per cent or 25‘7o per cent accoi-ding to J;he designa¬ 
tion adopted. To prevent any confusion, it suflices to multiply the 
strength avimonia by the number 0'823'r to obtain the correspond¬ 
ing percentage of nitrogen. Inversely, iltultiplying the percentage of 
nitrogen by 1'214 the corresponding jiercentage of ammonia is ob¬ 
tained. The table on opposite page contains the convei-sion figures 
for all strengths met with in commerce:— 

Ammonia Production. —According to the Deutsche Ammoniak 
Verkaufsverenigung, the world’s production of sulphate of aniwBnia 
in 1910 was as follows:— 

Germany . 

Great Britain 
United States 
France 

Bel^'iuui-Holland 
Austria-Hungary 
Spain, etc. . 


In Great Britain the amounts were ((ihief Alkali Inspectors 
Annual Reports.) 

" ... ' ■ , • , 

1908. 1909. 1910. 1911. 1912. 191.X | 19M. 1915. j 


Ti4is. 

H7»,()0(f 
3»)9,0(M) 
116,000* 
56,000 
43,000 

^ lOO.OlH) 
1.0f)7.(M)0 


'Gas Works . 165,218164,226167,820 16H,7K;( 172,094 182.180,17/?,930 173,675. 
[Iron WorkH . 18,131 20,228* 20,139' 20,121, 17,026 19,9561 16,008 1.5n42 

Shale WorkH. 53,628. 57,048 59,113i 60,765 62,207 6 H.O 6 II 62,749 58,826 

|C-okeovens,ok. 64.227: 82,886 92,665:105,343 104,932 133,816|137,430 145,406 
|Pr<Hluct*r KHH 
t and CarboniK- 

■ ing Works . 24,024, 24,705 27,850; 29,964 32,049 33,605' 34,295 .32.218i 

(Total . . 825,228 34tM43 367.587’384,976 388,308 432,618 426,412 426,267 

■ • a i ' 


• • 1909, 1910. 

Kx|)ort8 . 264.000 284,(M)0 

Home conHumpfioii . . ^87,000 87,000 

• ^ 
The production of ammonia in the United StatcH,^ calculated 
as sulphate, amounted, accoidinfr to W. N. *McIIravy in 1009 to 
l(f6,500 tons, and in 1910 to 116,000 tons* The import# for the 
fiscal year ended June 30, 1908, amounted to 34,274 tons and in 
1910, 62,610 tons. Altogether the home consumption of ammonia 
salts calculated as sulphate, therefore, amounts to about 178,000 
tons. 









ClIAl’TEK Xril. 

•». MANUFACrUUE OF MANT'llK FROM AXI.MAI, WASTE. 

Preliminary llemarke .—The utilization of waste of animal origin is 
of eqyal 'economical importance to that of human excreta. Ijike 
the latter* the products have come from the soil and been paid for 
in tht foim of manure. Unfortunately, these wastes are not col¬ 
lected with sufficient care, in spite of the great facility with which 
they can bo utilized. Vast ()uantities of blood are annually lost in 
the slaughter-houses of both large and small towns, where the air 
ig infected by the products of its decomposition. Numerous animal 
carcases are buried every year, not only through following an old 
custom, but, moreover, in order to obey certain regulations of the 
sanitarj' authorities. Convisrsion into chemical manure would be 
their best disinfection. In this conversion all animal matters are 
boiled, which .not only destroys active organisms, but also the germs- 
of putrefaction and the germs of contagious diseases. Moreover, 
as animal matters are not long in commencing to putrefy if left to 
themselves after boiling, manure manufacturers have the greatest 
interest its avoiding this decomposition, because it always entails a 
certain loss of nitrogen, the most valuable constituent. This is 
effected by drying, for dried animal matter can be stored for years 
without decomposing. By examining the methods used for the 
manufacture of manures, it will be seen that they not only afford 
means of making an excellent profit from animal waste, but also 
of destroying all the contagio\is germs which they may contain, and 
that therefore the sanitary regulations which require all animals 
that have died from infectious disease to be burie(l, ai'e thus quite 
oontrax'y to economy as well as to well-conceived hygiefiic measures. 
The animal matter's rich in nitrogen most often utilized in manure 
majiutactuie are—blood, meat (flesh), horn, and leather, waste. 

Blood .—Fresh blood forms a red thick liquid of density 1'045 
to 1'575 (B’ to T B,or 9* to 15^ Tw.). In contact with free air it 
soon separates into tw'o parts, one solid, fibrous, forming the clot, 
whilst the other, liquid, constitutes the serum. The clot consists 
mostly of fibi'in, whilst' the wnum especially contains dissolved 
albumen (7 to 8 per cent). Blood contains per 100 parts, 79'6 of 
water and 20'4 parts qf solid matter. The solids consist of;— 

(206) 
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NitrogenouB matter, (libvm, Ribumen, globniilit . . I'.t-l 

Kat.• . -i 

Non-nitrogenous organic 

MirAral matter.. . . •« 


• 20-4 

Amongst the mineral matters of blood, mention nuist bo made of 
chloride of potassium and of chloride of sodium (common salt), and 
also phosphoric acid, lime, and magnesia. Phosphoric aci(l»i»rms 
9'8 per cent of the ash; potassium chloride, 46 per cent: cor¬ 
responding to 29 per cent of potash. The composition of blood 
differs a little according to the animals from which it is derived, as 
the following analyses by Wolff show :— • 

• 

T.\Bt;E LXXIII.—ANAI.YSKS OF HULt,OCXS', CAT,YES', SHEEl', AND 
I'KiS' Ht.OOD, 


Water 

SoU(Ik 

BulltKikh’ 

Blootl, 

1\T i Bllt. 

7!) 

•21 

(dllvus’ lUtMHh 
Per cent. 

Hi) 

20 

Hliccp’s Blooil. 
Per cent. 

• 

70 

21 . 

PigH* KlotMii 
Per cent. 

• ._ - 

HO 

Nitrogen 

H 2 

2 •'.! 

:-i- -2 

2-0*~ 

Phosphoric acid 

0-04 

0-0() 

0 04 

(>•00 

Potash . 


O-OH 

0-05 

j 0-15 

!• 


• > 


Dried liload .—Usually blood is coagulated in factories by steam 
in an open pan, adding to it 3 pen' cent of ferric sulphate solution 
marking 51° B. (110° Tw.). The coagulated blood is then laid to- 
drain in perforated cases, where it remains for a month, and thus 
loses 40 per cent of the 80 per cent of the water which it contains. 
The coagulated and drained product is then dried on hot cast-iron 
plates in a shelfsoven traversed by hot gases. This mode of operat¬ 
ing has nufiierous drawbacks; odoriferous fumes are given off by 
the drying itself and bad-smellinf; fumes ow^ng to the partial de- 
compositimi due t<» irregular heating of the nitrogenous mjtter. 
Attempts have been made to remedy this, it is true, hy^condensing 
tlje first and denaturing the second by fire. , 

Moreover, not only do the arrangemenfs necessary to secure a ^ 
satisfactory result require continuous supervision, but the manu¬ 
facturer does not in many cases aqjply fhem, as they perceptibly 
increase the cost of the products without any marked advantage as 
regards quality. The drying of blood id, Donard and Boulet’s 
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machine—about to be described—prevents the disengagement of 
all odorilMops products, and thus avoids costly gas condensation 
and denaturation processes. Before the application of the machine 
for this particular purpose, it vras already in use in distilleries to 
•dry dregs, and this use of if was described by the author as far back 
as 1892. Tbe drying machine (Fig: 51) consists of a horizontal 
cast-iron cylinder 2’5 m. diameter by 2'5 m. long—or in round 
•figures, 100 in. x 100 in., representing an interior volume of 12 cm. 
It rests on two bearings by hollow trunnions through which the 
heartwg steam enters and the evaix>ration steam is ejected. The 
heating steam enters a circular vertical steam chamber which forms 
the left side of the cylinder. On this side are inserted a series of 
horiz(>ntaJl tubes closed at the other extremity which form a heating 
surface of 59 square metres. The machine is fitted with the 
necesAary arrangements for running off condensed water. The^ 
pivot placed at the other end of the cylinder communicates by a 
wide pipe with a double effect vacuum condensing pump into 
which the evaporation vapour passes. The cylinder is fed and 
epiptied through two manholes. The charge of moist materia!— 
■containing 55 per cent of water—is 5^ tons. It makes three revo¬ 
lutions a minute. 

Method of Workimj .—The working is most simple. The 
machine is connected by a pipe with a tank containing the blood, 
'then by means of the vacuum pump the air in the cylinder is 
rarrfied so as to draw the blood in by suction. When 5^ tons have 
been fed into the machine, say an amount equal to J the capacity 
•of the machine, the aspiration is discontinued and the mass is heated 
under a pressure of 1^ kilos whilst turning the cylinder. The blood 
is then perfectly coagulated under the influence of the heat without 
any part escaping the boating up. After one hour forty minutes to 
one hour fifty minutes, coagulation is complete. The apparatus is 
emptied, the magma being run into cloths and pressed under a press 
mountiid on a truck. Each press will take 1 ton to 22 cwt. of dried 
blood as it comes from the curing mac^iine. After a pressure of 
3 kg. per sq. cm. has been applied, 400 kg. (880 lb.) of cake with 50 
per aent of water are takep out; 3^ tons of these cakes are used to 
feed another machine absolutely identical with the firat, but which 
this time acts the paj;t of a drying machine. In a medium-sized 
factory a single machine may act both as curing fcnd dryii^» machine. 

In factories with two machines the curor is modified by fitting 
two steam ciroulation«pipes perforated in the portion which dips iqto 
the oylrtider ; which are used to bubble in steam during the coagula¬ 
tion ; they have the advaqtage of preventing the other heating pipes 
from being left hare. * 

During the drying of the cakes a vacuum is not kept up, for the 
vacuum pump might di-aw over a portion of the extremely light 
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powder to^hich the blood is reduced by drying. During this»period 
the vapours escape through great wooden aspirators passing through 
the roof. As during the, process there can be no alteration of the 
material, either by fermentation or by superheating, tlje portion 
evaporated consists simply'of pure water without trace of sn*ll. 

Drying lasts six to seven hours an'd induces the agglutination of 
certain portions into hard masses, and, to obtain an impalpable 
powder, the dried mass is ])ulverized in a Carr’s crusher completely 
enclosed in a wooden case which is in communication with an 
aspirittor for the recovery of dust. 

The operations just described follow each other systematically. 
The fresh blood is converted in less than ten hours into a powder 
which is bagged up ready for immediate delivery. As will be seen 
later, 1000 litres (220 gallons or 1 ton) of blood from the Villette 
slaughter-houses yields with these machines 210 kg., or in roun^ 
figures 4 cwt. of dried blood. As the result of several experiments 
made at the Aubervilliers factory, it was found that the coal used 
for all these conversions amounted to 0'H33 lb. per lb. of dried blood. 
'They calculate, however, that in actual practice 5 tons of coal sutnce 
to convert 28^ tons of liquid blootl. The motor power is at a maxi¬ 
mum for three driers of 16 cubic metres each. The improve¬ 
ment in the yield due to those machines is considerable, as shown 
by the following experiment. After previously mixing 16 metric 
tons of blood.'coagulated hy ferric sulphate, and containing 62 to 
65 per cent of water, was divided into two lots; the hrst lot of 8 
tons, dried in a hot-air oven, yielded 2‘555 metric tons, or a yield 
of 31'5 per cent. The lot of 8 tons, treated in a Donard machine, 
gave 3-^ toils of dried blood, or a yield of 45 per cent. The percent¬ 
age of water in the dried blood obtaitied''by the two treatments was 
about equal, and amounted to 15 to 16 per cent. The difference of 
yield, 13'5 per cent, shows the loss the dried blood undergoes by 
overheating in the hot-air oven above-mentioned. 

Meat Meal .—As far back as 1863 manure was made at Auber¬ 
villiers (Seine) from dead animals or animals slaughtered in the 
department of the Seine and its Neighbouring departments. The 
(at Was first extracted for^ the knackers and the rest was converted 
into manure. The flesh was epoked by steam, then pressed to ex¬ 
tract the (at, dried, and ground. The bones were also boiled, then 
dried and crushed to a fine pow’der. Finally, Vith the pntiails, the 
boilings aixl the residues of the organic matter, composts were made 
of low nitrogen oont«i\|i. They were mixed with the residues frpm 
the manufacture of fat, ground mineral phosphates, bone residues, 
fur, etc., were added, arid the whole piled in a heap and drenched 
with blood and boilings. These substances, difhoult to assimilate, 
especially with ground mineral phosphates, after an active and pro¬ 
longed fermentation, uadergo a slow oonveiaion which renders them 



MANURE FROM ANIMAL WASTE 

) 


271 






272 


CHEMICAL MANURES 


assinulablp. The composts mixed in ditferent proportions with rich 
substances, dried meat meal, dried blood or crushed bones, enable 
manures of any strength to be prepared containing 1-5 to 2‘5 per 
cent ot nitrogen, and up to 25 per cent of phosphate. T|)e mineral 
phosphates were coproliteft. From time to time the compost heap 
was watered with sulphuric acid to 'avoid loss ot ammonia and to 
render the phosphates soluble. The manure mo.st rich in nitrogen 
so manufactured contained 12 per cent and a little phosphate. By 
mixing it with bone dust and alkaline salts, Dulac prepared a 
matlTfte containing 8 percent of nitrogen, 12 per cent of phosphates, 
15 per cent of potash salts, soda, magnesia, etc. This manure was 
sold at 24 franca the 100 kg. (about £10 a ton). The Aubervilliers 
factosy continues to use meat waste for the manufacture of manures, 
but it has'considerably improved its processes, as will be seen. The 
blooiFin powder contains l.'j per cent of water and 13'2 of nitrogen 
it treats per mouth on an average 3500 casks of 185 litres (40’T 
gallons), yielding 155 metric tons of dried blood. 

Dryifuj lilood by Lime. —Recently a simple process has been 
lifted to dry blood and to reduce it to a line powder. This pro&ss 
consists in adding l^to 3 per cent of quicklime, which quickly 
converts it into a solid cake which may be dried in the air without 
putrefying, finally giving a line and inodorous powder. This pro¬ 
cess has the advantage of being capable of application anywhere- 
without any plant; moreover, it conserves 0 4 of nitrogen, which 
otherwise would be lost with the coagulation water. It may like¬ 
wise be applied in the country by farmers, who thus possess the 
means of manufacturing economically an excellent nitrogenous 
manure. ' 

'iJoUiny Meat. —Butchers’ waste of All sorts, skinned animals 
out into pieces, are first boiled in lead-lined vats. The lid of the 
vat has in its fixed half aa(|uare opening to which a wooden sheath 
may be fitted, the other half, movable on hinges, is used to feed in 
the materials to be treated. Each vat is charged with— 

Meat, etc. . HOO kg. 

Water. 150 „ 

' Sulphuric aoid . «., .50 ,, 

The vat being chtjjrged, the lid closed, and steam turned on, the 
boiljpg lasts about twelve hours. The vertical wooden ^heaths on 
the top of the vat form a real draught chimney branching into two 
large horizontal collectors which end in a masonry turret; there 
the vapuura from the bo'iling are constantly precipitated by the action 
of a fan. The tower contains a filter of coke, constantly moistened 
by a stream of water. The nepirated vapours are in great part 
condensed owing to the freshness of this water; they then pass with 
it into the drain. AfV^r twelve hours the vats are opened, the 
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floatingafat removed, amounting to 10 to 20 per cent accordin'g to' 
the nature of the debris, then the bones and the flesh are,coVnpletely 
disintegrated. The liquom from the boiling are drained through 
special pipqs into two large tanks. The tallow, as it comes troiji the 
vats, is more or less coloured, according td the impurities contained 
in the raw material. Three classes are distinguished, white tallow, 
yellow tallow, and green tallow. The paler it is, the more it is 
valued by candle-makers and soap-makers. It is again trailed and 
skimmed in order to eliminate the impurities which accompany it. 
It is afterwards run into casks ready for delivery. After remialRg 
the tallow, that which remains in the boiler (disintegrated flesh, 
bones completely detached, the largest of which are removed) is put 
into a press which removes 15 per cent of water and is afibrwjrrda 
dried. The Butchers Union of Paris, in its Aubervilliers factory, 
uses two systems of driers, one heated by luiked fire, the othet by 
steam. In the steam drier, Donald’s system (Fig. 51). drying lasts 
seven hours at the most. The naked fire drier resembles an 
enormous coffee roaster, fitted with an agitator ; it is driven by a 
centffel shaft; its furnace is arranged like that of a Irailer; in this^ 
case drying lasts at least ton hours, the amount of coal consumed 
being enormous. Donald's dryer is much imjre, economical and 
has the added advantage of yielding an absolutely inodorous phvvder. 
The drying operation is complicated by the comparatively large 
quantity of fat which the meat and Iranes retain afteu boiling, and. 
which has not risen to the surface with the tallow. This fat renders 
the substance to be dried tacky ; it is inflammable, especially when 
air is blown over it at a high temperature. The pralucts coming 
from the dryer are brought on to a sorting sieve, which titrows the 
bones on one side and delK'ers the finely powdered meat on the 
other side; the latter is bagged up for deliveiy. By the use of 
Donard's dryer the whole of the operations can be done in leas than 
twenty-four hours, from the time the meat enters the factory 
until it is bagged up in the state of powder; 100 kg. of pressed 
material yield 83 kg. of driej) matter; 100 kg. of pressed material 
correspond to 140 kg. of original’ material. Meat meal is sold ac¬ 
cording to its percentage of nitrogen. Thi; following is an average 
analysis:— ^ , 

lAjthE I,XXIV.—COMPOSITION OP MEAT MEAI.. , 


Per cent. 

Water.H 

Tallow.’ . . 3 * 

Nitrogen.4*0 

Phosphoric acid.• ... 15 


The liquors from the boiling are collected into two cisterns, where 
they are left tg deposit for several days. mTHc muddy deposit, 

’ . ifi 
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Vunfewhat rich in organic matters, is raised by a mmilefus and 
poured ol'er a very large area with raised edges, to let it drain better, 
then mixed with meat from the toilers or put directly into Donard’s 
dryciv At the Aubervflliers factory 805 tons of meat, etc., are 
treatisl per month, whictyyields 15'8 per cent of tallow,*158 tons of 
dried meat, and 50 tons of hones. • 

M. A. Louis has organized at Uaen an interesting application 
of Aimc Oiranl’s process, for the destruction and disinfection of 
carcases and animal debris by means of sulphuric acid. Louis uses 
lilJSwse slaughter-house and butchers’ residues. In 1889, the first 
year of working, Louis made 48.‘1 tons of manure containing lf> to 
18 per cent of phosphoric acid, 2 per cent of nitrogen, and 5 per 
Cent-ot potash ; in 1900 the production had risen to 930 tons. 

LouiiS’ method of workiTig cotisists in dissolving the animal 
snatt.ir in sulphuric acid, and saturating the pasty mass so obtained 
■by phosphate of lime in powder, which finally yields a nitrogenous 
phosphate. 

ComiMrcidl Mital Meal .—The meat meal of commerce is a 
gnixture of meat meal and hone meal. It is made from the ^faste 
from the manufacture of extract of meat in South America, also 
from the carcases of animals, knackers’ meat, by steam heating, 

■ drying”; and grinding. The greater part of the meat meal is 
marketed as Envy Bentos guano; it contains fi'5 to 7'5 per cent 
.nitrogen andslTH to 17T8 of phosphoric acid. I’inally, meat meal 
js Vendered aohd)le hy sulphuric acid. 

lloni .—Horn is met with under dift'erent forms in commerce. 
The horns of ruminants are generally very pure, and contain when 
dry and free, from lK)ni^ 13 to Tl ptu- cent of nitrogen. Whalebone 
wAste, when not in too small fragments, is almost equal in value. 
Horn and whalebone luinings and shavings are less esteemed, 
because they are generally mixed with woo<l shavings and other 
sweepings of the workshop. Their nitrogen content rarely reaches 7 
to 8 per cent. Hoofs are richer in nitrogen than ground horn. They 
generally consist of pure horn ; on the other hand, they are often wet 
and soiled by excreta. Hair, woo'., wool lags, old felt, and feathers 
have the same value as horn. But great care, must be taken in 
buying, because it is ditfioult to detect the impurities of all sorts 
which may ho mixed therein. In the jiure state they contain 11 
tOrl3 per cent of nitrogen ; as sometimes delivered to^the factories 
they contain only 5 to 6 per cent. Wool dust, from the combing 
and spinning of wool, is not of a nature to inspire much confidence. 
It rarely contains 6 per cent of nitrogen, often only 3 to 4 per cent of 
that element. To serve as manure all these materials must be 
reduced to a fine powder. But even when apparently dry they are 
so tenacious that it is impossible to grind them. Wool dust itself 
jklready in a fine powder cannot he ground finer. That is why they 
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are submitted to a special preparotion, which consists in joastuig 
them or in heating them in a closed vessel. To roast horn, it is 
spread on a cast-iron plate or in a shallow pan, which is heated 
■without interruption so as to avoid overheating and loss ot nitrogen. 
The matwial assumes a dark colour, and w^en it is cool it is brittle 
and easy to crush. In the oaSe of horn tuinings, it suffices to 
heat them for some time on the roof of a diwer. The roasting may 
easily be done in a closed vessel into which superheated air or 
combustion gases are injected. Horn is steamed in a digester. 



digester 4 is sinfply a horizontal or vertical 1)oiler heated by steam 
(Fig. 53). In Fig. 53, a is the steani pipe fitted with a valve A. 
On the top is a steam* escaja; valve c, safety viuve il, and a sho,j't 
piece e intended for a steam gauge; ;/;/ is a double bottom of 
wrought-iron. The shape and the size of the,dig(«ter vary con¬ 
siderably, depending on the size of the factory. However, st is 
wellito keep to certain rules. Thus a wide somewhat low digestei 
may usually be run cheaper, and work* more economically than a 
tall narrow one, because it condenses less steam on its surface. 

' The digester being charged with horn through the manhole h 
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*18 Aosed hermetically, the steam valve b is opened and cteam at 
two to ihi;pe atmospheres pressure injected. It condenses at first 
until the whole mass is heated. The heating lasts two hours for horn 
in lacge pieces. When'the operation is finished the valve b is closed 
and the apparatus left olhsed for some time, and finally the steam 
valve c is opened. When the pressure in the digester has fallen to 
almost the atmospheric pressure, the digester is emptied. To do 
this the liquor formed by the condensation of the steam is run off 
through /. It holds a little dissolved horn in solution; then the 
manhole i is opened and the horn withdrawn. When pro¬ 
perly boiled, the horn is softened throughout, forming an elastic 
mass, like rubber. It is dried in a dryer, and then forms a black 
pliable Vitreous mass which is crushed in a bone crusher; that is 
the way'ground horn of commerce is obtained. In the pure state, 
it hus a greenish or greyish-yellow colour, and contains 13 to 15 per 
cent of nitrogen. Other analogous materials are treated along with 
the horn. Horn shavings, wool waste, etc., occupy a great volume, 
and as it would require a very large-sized boiler to treat them apart, 
,,they are mixed with horn to fill the empty spaces betweePi the 
larger pieces, at the risk even of slightly diminishing the percentage 
of nitrogen in the product. The condensed water (horn liquoi-) con¬ 
tains'i to 2 per cent of nitrogen; it thus has a certain value, but as 
its treatment would be costly it is Irest to utilize it in the manufacture 
, of bone dusk. Attempts were made to allow it to putrefy, and then 
distil it to recover the ammonia, but this method was soon abandoned. 
The steaming of horns has many drawlwcks. It requires the ex¬ 
penditure of much fuel and labour, and a loss of nitrogen in the 
condensed water. Finally, the work injures the health of the 
viorkmen. There is, in fact, disengaged from horn during the diges¬ 
tion a very volatile organic substance, which strongly attacks the 
mucous membranes, especially of the workmen engaged in emptying 
the digester and who consequently have to come in contact with 
the steamed horns, but up to the present nothing has been found to 
replace this method, because ground hprn rendered soluble by steam 
is of much greater agricultural value than raw horn. It has been 
sesn that the horn dissplves partially in the water condensed from 
the steam, and that without destructive decomposition it thus proves 
that it passes to tbo soluble condition at least partially. Ground 
hpm thus rendered soluble possesses a greatr absorbent capacity for 
water, wjiilst ground raw horn repels water, and cannot be moistened, 
therefore as putrefaction requires the help of water, it follows, that 
the soluble horn will decompose more easily, and produce a more 
rapid and fuller fertilising action than raw horn. From the pre¬ 
ceding, it will be evident that the use as manures of powdered horn 
and wool dust which have not been treated by steam should be 
abandoned, for in the raw state these materials cannot be crushed 
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to the requisite degree of fineness for the rational application of 
concentrated chemical manures. . 

Leather Waste. —Tanners’ and ourriei's’ waste can he bought 
cheap whe^ they are unfit for glue manufacture; their nitregen 
content is very variable, even when not‘affected by moisture or 
sand. Thus sole leather in the' pure state and perfectly dry often 
contains no more than 4 to 5 per cent of nitrogen. The cuttings and 
waste of new leather from saddlers’ and shoemakers’ shops have a 
higher value; they contain 7 to 11 per cent of nitrogen, calculated 
on the diy material. Chemical manure manufacturers often freat 
them in the same way as horn, roasting or steaming in a closed 
vessel, and grinding. The roasting of tanned leather renders it 
friable without perceptibly modifjing its chemical properties., Stunn¬ 
ing under pressure dissolves it to a great extent. The leather limior 
is.sometimes so concentrated that it takes the form of gelatine. Ilnd 
the amount of ground leather finally obtained scarcely amounts to 
hall of that fed into the digester. This method, therefore, is not 
economical. Moreover, steamed leather has only a low value as a 
manfll-e, tor the tannin in the tanned leathei’ prevents the decom¬ 
position of the animal matter in the soil, and it is only partially 
destroyed hy the heat. The ])Owder obtained frpm roasted leather 
is even worse. It is true that the manufacturer again finds in it the 
greater part of the nitrogen contained in the raw material, which 
varies from 5 to 9 per cent. There has already been floscrilKsl, in 
discussing the preparation of Ijone dust, a j)rocess of preparing 
leather which is more advantageous both for the manufacturer and 
the farmer. Another method of treating woollen rags, leather waste, 
etc., was the subject of British patent No. 26,7h0 of Decehilrer 22, 
1900. Raw materials, such as woollen rags or leather waste, 
previously moistened, it need be, are ted into a horizontal cylindrical 
receiver in which it is treated by suljjhuric acid which falls on them 
drop by drop, hy means of a pipe running the length of the cylinder. 
At the same time a rotary motion is imparted to the cylinder whilst 
injecting hot gases from a fujnaoe, then the materials are drenched 
with salt water, well mixing the whole, and continuing the heat. If 
leather waste Ire the principal raw material,it is well to add findly 
ground phospRate of lime to the acid vjater. The va]xrur8 disengaged 
hv the material are propelled hy a pump into a condensation tower 
lined with btiicks^wheft! they are washed by a jet of finely dividsd 
water. The non-condensed gases are directed into a filtjr bod ol 
mos^ litter, and from there escape into the ajiprosphere ; the^final 
product is discharged into a pit and reduced to a fine powder. By 
using 120° Tw. acid heated to 140° F., 4 c^t. of raw leather or 2 
owt. leather and 2 cwt. shoddy can be ^’orked into each ton of com¬ 
pound manure and so well dissolved as not tojre seen when the den 
is o^ned without any special method. 
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'Oomnaratire Value of Different Xitrinjeiuiu): Manures. —i’eruviara 
guano is ^he most active of nitrogenized organic manures. Popp 
has examined the action ot the nitrogen of organic manures com- 
parad with that of nitric nitiogen. In his experiments fjp used every 
variety of organic manure, dried l)lood, horn dust, castor me#l, ground 
raw IxDnes, fisfi guano, meal, meat (Peal, Bremen poudrette and wool' 
dust. According to the agricultural experiments which he carried! 
out, he indicates the ratio which exists between the action of the 
different manures. The following are tin; approximate efficiency 
ifllltles of these mantires, nitrate being taken as 100:— 


TAgOE'IAXV. -SHOWING AOUICUr.TUlIAh VAM'E 01’ NITliOGF.NOUii 


MANUUES (NITUATl 


ion). 


Dricfl lilood ........ 70 

Horn (hint ......... 70 

Tish KUiino.00 

Castor inoal ........ (>0 

Meat Meal.(50 « 

Bremen poudrette ....... 55 

(ironnd bones ........ 55 

Krottnauer ojrganie manure ..... 45 

Blankonburg manure.4H 

Distillory spent wash-salts . . . . . . 40 

Wool <lust.25 

Concintruted eattlo immure ..... 20 

Orouml leather.10 


The value of the dissolved organic inamire is 23 per cent of that 
of the nitrate, l^opp has, moreover, remarked that in every case 
tliG organic nitrogen is first converteJl into ammonia: he was not 
able to determine the etTect of the lime.- Complete conversion of 
organic nitrogen into nitric acid did not occur in any case. In the 
most favourable instance on 100 parts of organic nitrogen. 72 parts 
wore converted into nitric acid; that is the case especially with 
dried blood. The nitrogen of horn dtist was converted in the pro¬ 
portion of about 07 per cent, and the nitrogenized organic manure 
in* the proportion of R4 per cent. Horn dust thys acted more 
slowly than dried blood, and the nitrogenized organic manure about 
half as quickly. Heither in this case was the e^ect of the lime ia 
tl.o conversion observed, fn conclusion, Popp has Calculated the 
value of< the nitrogenized organic manures compared with that of 
nitrate of soda, the.latter calculated at 35-25 francs, all expenses- 
included. He values 1 kg. of nitrogen in such organic manures, 
as follows:— 
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TABLE* LXXVI.—SHO\YING COMl'AIiATIVE 

.uHucrim’H.vi. 

VALUE OF XITDOOKNOrs MANTliE 
GRAMME. 

IN IB.VNCS^lT.n KUiO- 

• 

FiiIIICM 

•Dried blood ..... 1 

. 1-4 

Horn dust . * . 

. 1 -4 

Fisli f'liftno ...... 

. 1 -i 

Castor meal. 

. \-'2 

Meat Meal. 

. 1 

llremen poudrette ..... 

. 11 

Bone dust manure .... 

. I-l 

Krottnaner or^iaiue nianiire . 

. u-\ 

Molasses salts . . . . . 

. h-> 

Dissolved uitro^xenized oivanie manure . 

. . . 0-^ 

liutzel fjonno. 

. 

Wool dust. 

. 

Concentrated cattle mamne . 

. h-l 

Grouml leather. 

. o-ii 

.Naturally these lijnnes do not hold lo dny. 











• KKCOVKBV OF NITUOGKN FliOM DISTILLKKY Hl’KNT WASH. 

MANUFACTIIUK OF CYANAMIDE AND OF NITRATE OF LIME. 

UViUzatum of Spent Wasli.—General Jlemarks .—The question ot 
the Utilization of distillery spent wash, looking to its great economi¬ 
cal ^portanoe, has engaged the attention of chemists for a long 
time. In grain distilleries the dregs are generally strained off and 
dried; the spent wash which flows therefrom contains 80 to 100 
grms. of nitrogen per hectolitre; and as 100 kg. of grain yield 
about 3 hectolitres of liquid, the loss of nitrogen is 1 to I'SSikg. 

hectolitre of alcohol manufactured, or 1 to IJ lb. per 10 gal. of 
100 per cent alcohol. In beet distilleries the loss in nitrogen is also 
very considerable; the fermented wash issuing from the distilling 
column containing 100 to 100 grms. ot nitrogen per hectolitre. 
Finally, the ^spent wash from the distillation of molasses and 
eacvoharine liquors contains 1'4 per cent ot nitrogen and 9 per cent 
ot salts. Now, if the spent wash be simply incinerated, to extract 
the salts from it according to a process already old, all the nitrogen, 
ot which khe money value is greater than that of the ])otash, is lost. 
If ijn a molasses distillery there is a yield,of 9 per cent ot salts, it will 
be seen that there is extracted from 1000 kg. (a metric ton) of 
molasses 90 kg. ot salts, or 198 lb., containing 40 per cent of car¬ 
bonate, worth 38 centimes the degree, say 13'68 francs, or about 
lls., and that there is lost by incineration all the nitrogen, ot which 
75 per cent at least is i-ecovorable, say 11 kg. (22-42 lb.), worth 1-50 
francs the degree, say l()-50 fi-ancs, or FSs. 2d. 

It will bo seen, thei-efore, that the problem ot the recovery of 
nitrogen from these residues deserves' the utmost attention of dis¬ 
tillers. Different processes havt been proposed tor the recovery of 
this nitrogen. Attdlnpts have been made 0 recover it by dry 
disUdlatiou as ammoniacal salts or liquor ammonia. Tfiere is then 
obtained w complex liquid containing tars, methylamines, and other 
substapees difficult to remove. These processes have not been 
adopted in actual practice, which shows that the financiai results 
did not conform with those wljich should be obtained to make them 
practically successful. Attempts wei-e also made to prepare com¬ 
pound manures from spent wash by adding precipitated phosphate 
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of lim<, and inert substances, generally lime, in coinparatively»large 
<juantity up to 40 per cent. But the fertilizing elemtJits in the 
products so obtained are present in proportions but little acceptable 
to farmers, and the presence of inert matters rendered theii^trans¬ 
port ol)^r|es heavy. . ^ 

The process devised by Winck to utilize the nitrogen of 
■wash as manure consists in concentrating the spent wash to 40 to 
42° B., then adding a quantity of sulphuric acid. This acid mixture 
is afterwards neutialized with carlxinate of lime, and dried in stoves. 
The addition of acid and of carbonate facilitates the diyingj while 


"the presence of sulphate of lime renders the mass -more porous, 
easier to deal with. The product obtained contains 3 to 5 per cent 
nitrogen and 12 to 14 per cent of potash. Riviere prepojjfs to 
eeparate potash from concentrateil spent wash by hydrofluosilicic 
acid. The organic matter separated from these salts cijn be 
Evaporated in the same way as in the Vasseux process desented 
below. Effront has likewise introduced a process for separating 
the organic nitrogen from the mineral substance. This process is 
baiwd on the observation that the nitrogenous matter of spent wash 
becomes insoluble when it is treated with acid at a Umiperaturc df 
about 200° C. To the concentrated spent wash acid is added to 
decompose the organic salts; the mixture Miing maintamed for 
some hours in stoves at 190° C. A portion of the nitrogen is dis¬ 
engaged and is collected by a fan in the acid. The, mass issmng 
from the stove is crushed, then lixiviated with l^ilmg water. Hhe 
cooled liquid deposits sulphate of jxitash. The inTOluble residue is 
dried at 100° C. By this method a product containing 8 to J per 
cent of nitrogen and free from potash is obtained. • 

Recovery of Nitnxjen hy Vasseiu'a Process.—liy this method 
all the nitrogen freed from the greater part of the potash is easily 
recovered, no noxious products being generated m the process, 
■which is as follows: The spent wash, previously TOncentrated to 
32° to 35° B., is treated with suflicient sulphuric acid to convert the 
organic salts’ of potash into sulphates. The sulphate of potash 
formed crystallizes from th? mass; it is separated by decantatira, 
filtration, and ceqtrifuging.' This sulphate of potash is afterwards 
washed and%gain centrifuged. It is th.^ sufticiently pure and is 
sold as 75 to 80 per cent sulphafe. The organic matters which 
form the draim.ge me then dried in special vacuum machines, 
decomposiSon is avoided and from the distillate glycerine, tar, etc., 

mav be collected. • • , , i n 

' When drying is complete the mass is fun into trucks. It is 
fluid when hot but soon cools into a mass which is broken up m a 
cinisher. An organic manure is thus.ohtaified containing G to 7 pel 
cent of nitrogen and 6 to 7 per cent of potash This ® 

entirely soluble in water, nitrifies very i-apidljgn the soil and suits all 
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firopS. For every 1000 kg. Onetrio ton) of molasses treated J.50 kg. 
of this manure are recovered (in round numbers '! cwts. manure per 
ton of molasses): — 


TAl^LK f.XXVir.—SHOWING VAI.UK AND AMOUNT OF WANUKE 
FUOM 1 TON M/)EASSES. * 


1000 kg. (1 inutric ton) of iuoIhhhoh yiol«l 

hr. 

loO kg. (H <5WtK,) of organic manure with (• to 7 ikt cent nitro- 

^ gc*n an<l 0 to 7 [Mtr (jcnt of potasli. 10*00 

7»7 to HO kg. (105 to 170 11 )., say 1.4 cwt.) of sulpliatc of (lotasli . 14*0 


Total HO-00 

* 

whilst bythe old process only 90 kg. potash salts, worth 13 to 14 
franijH, weie obtained. 

Labour is not heaviiu' than at the potash furnaces and the 
work is less exhau.sting, but there is the extra expense in coal and in 
acid, which is valued at 5 francs (4s.) per metric ton of molasses. So 
that the net profit to be drawn from the application of this pwess 
8 ver and above the potash salts usually obtained is about 12 francs, 
or in round figures lOs. 

If these figures iJe applied to a factory working 20,000 tons of 
molasses, the value of the by-products obtained is 010,000 francs 
(^24,400), yielding a profit greater by 240,000 francs (£9000) than 
thait obtained from the potash salts alone. These figures show 
very wi41 the importance attached to the recovery of the nitrogen. 
Vasseux’s process is, moreover, woiked in France and Spain, giving 
every satisfaction. 

mTreiUnutnt of the Spent Wiisli bij. ISiitlmikal Apentx .—.lean 
Kffront has studied a luiw method of treating spent wash by 
biological agents. Tin; problem which he sot himself was as 
follows : To lind an active substance (enzyme) capable, in the con¬ 
ditions of actual practice, of converting the organic nitrogen of 
spent wash into ammoniacal nitrogen, the form under which it is 
moat easily recovered. This sub^ancS', called amidase, exists in 
breyers’ yeast. In the alcoholic fermentation the amidase of yeast 
and foreign ferments alwllys accompanying indusCrial fjrmentation, 
does not exert any influence, ov'rtng to unfavourable conditions. It 
only reveals its presence when the yeast exists in an alkaline 
medium and in a non-vegetative condition. After nu^nerous but 
very simple experiments which demonstrated to him the presence 
of amidase in yeast • and its power of converting amides idto 
ammonia, Kffront applied his discovery to the treatment of 
distillery spent wash. ' This, produces very large quantities of 
ferment which is deposited at the bottom of. the vats; these fer¬ 
ments separated from Jhe fermented liijuid before its distillation may 
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be us«d to treat spent wash. The method ot working is as follows •. 
The spent wash issuing from the. distilling column ii cooled to 
40’ to 45° C. (104° to 113° F.), rendereil alkaline by fime, soda, or 
salts. One or two kilogrammes of yeasO are added per iii^ctolitrc 
and ayo\?ed to act for 3 or 4 days at ^0° to 45"' The conver¬ 
sion of amides being tinisheu^the ammonia is separated by distilla¬ 
tion or by ventilation (Kestner method), liy this latter method 
the consumption of coal is about 50 kg. (about 1 cwt.) per 100 
hectolitres (2200 gill.) treated. By treating niolassi's spimt wash, 
100 hectolitres (2200 gal.) yield" 40 to 45 kg. (8.H to i)!^ 11,) of 
nitrogen, representing a minimum value of It) to 45 francs (32s. to 
36s.). In spent wash from heets ItIO hectolitres (2200 gal.) yield 
10 to 15 kg. (22 to 33 lb.) of nitrogen, worth 10 to»l5^|rancs 
(8s. to 12s.). The expense in fuel being 1 franc (O'liil.), the prolit 
is therefore phenomenal. . ^ 

Treatiwj Spent Wash hi/ Fer>iieitliiliiiii.- -lV-.('r yeast is not the only 
biological agent capable of convei ting the nitrogim of spent wash into 
amtnonia. Certain soil organisms likewisi; possess this ))ro()erty. By 
iiWtoculating a solution of glutamine with garden soil, tliii formation 
of ammonia can he demonstrated. Kllront, using jtlate cnltmt*s, • 
has isolated three organisms which will acton the nitrogen of sjient 
wash. One of them was recognized as the'butyric acid'fei-ment, 
and Elfront has clostdy examined the conditions which favour its 
ammoniacal functions. In practice the method, of using t^ig 
ferment is analogous to that of the manufacture of alcohol. .A 
yeast chamber and fermentation vats being emjiloyed; from the 
ferment there is prepared a leaven eipial to 5 to 10 per cent of the 
total volume of the liquid to he fermented, and it is renewed every 
twenty-four horns as iis distillery brewing. To strengthen the 
ammoniacal action, recourse is made to aeration ; the liijuid should 
he rendered strongly alkaline, and the use of agglutinants, such as 
sulphate of alumina, which jjaralyses the develo])ment of ferments 
and produces a change in the function of the cells, is Ismelicial. 
In place of pure cultures, often far from convenient, garden soil 
which may be very well’taknn as the point of di.qiartui'e of am¬ 
moniacal fermentation, may he substituted. Kllront reconntiends 
to sterilizc'this earth mixed with the iflkaline sjxmt wash for an 
hour at 70° to 80° 0. (158° to *170° F.), this sterilization being 
sufficient to «Toid *the formation of undesirable ferments without 
destroying those having an ammoniacal function. This soil culture 
in the spent xvash may l>e used as leaven in^he same ftfay as those 
made from pure cultures on condition that'it he renewed somewhat 
frequently. This process was experimented on at the distilleryof 
Quesnoy-sur-Deule, at the end of the sea’son 1907-8. With regard 
to the yield, the work leaves nothing to be desired, the amount of 
nitrogen extracted from the spent wash ffom the manufacture of 
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one hectolitre (22 ^llons) of alcohol, being 12 kg. (26'4 lb.) of 
sulphate of ammonia (or 1'2 lb. of sulphate of ammonia per gallon 
of alcohol). *In the course of the molasses season. 25 to 30 kg. (55 
to 66 lb.) of sulphate of Ammonia were’obtained per hectolitre of 
alcohol, and it has been /ound that, in the distilling cSlumn an 
appreciable amount of glycerine easily recoverable is also separated. 
In treating spent wash by fermentation, almost all the organic 
matters, including the nitrogenous matter, are decomposed. The 
spent wash from 370 kg. (814 lb.) of .molasses, the approximative 
quarBtity required to produce 1 hectolitre (22 gallons) of alcohol, 
yields besides ammonia alx)ut 35 kg. (77 lb.) of volatile fatty acids. 
The acids which pass over on distillation are white and free from 
impvqjties. The distillery industry could furnish enormous 
quantities,' and it would be desirable for the trade to find new 
outlet* for them. 

The Manufacture of Cyanandde atid of Nitrate of Lime .—•’ 
Atmospheric air is an inexhaustible source of nitrogen. It is calcu¬ 
lated that the column of air which covers a hectare (2 47 acres) of 
ground contains about 79,000,000 kg. of nitrogen (say 79,#00 
n^stric tons, which is equal to 31,600,000 kg. per acre), equivalent 
to 500,000,000 kg. of nitrate of soda (say 500,000 metric tons per 
hectare »r 200,000 tofis per acre). But nitrogen exists in the free 
state in the air, and to render it assimilable by plants, it is necessary 
tq convert it into appropriate compounds. We know that this con¬ 
version can be effected by certain bacteria of the soil (leguminous 
bacteria, etc.), likewise by certain phenomena which occur in nature, 
such as electrical discharges, especially lightning. But the amount 
of nitrogei> brought into the soil in this way is far from being 
sufficient to cover the requirements of plants, and vigorous efforts 
are now being made to convert atmospherical nitrogen into com¬ 
pounds which are assimilable. Experiments made enable us to 
affirm that such is possible. But all the tentatives made in this 
•direction show that the industrial fixing of atmospheric nitrogen 
requires the use of great quantities of electrical energy. There are 
at present two chief methods of manufacture : (1) the Frank and 
Caro.process, (2) the Birkeland and Eyde process.. The first con¬ 
sists in combining atmospheric nitrogen in the dry stdte and de¬ 
prived of its oxygen \v)th caloium*'carbide, obtained by fusion in the 
electrical furnace of equal amounts of coal andriimtS The product 
so obtained is termed lime nitrogen or cyanamide of calcium 
(CaCN^), it Vs, howevej", more or less impure. The second process 
consistsrtii oxidizing atriiospheric nitrogen by electrical means, con¬ 
verting it into nitric acid, which is put into commerce as nitrate of 
lime with 13 per cent of nitxogen; this is somewhat similar to 
nitrate of soda, and like the latter is easily assimilable by plants. 
The two products come, bn the market as more or less dark dirt^' 
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grey pewders, their content of nitrogen varying from 13 to 21 pdr 
cent. The following are the analyses given by Grand<^rf:— 


TABLE LXXVIIL—ANALYSI^ OF CYANAMIf)E (LIME XITROGEK AND 
, * NITROGEN fjME). ... 


\ 


Nitrogen 


(GR4NDEAV.I 

/!»iww nitrogen. 
20-21 


Xitrogm Litw, 
20 


Galciam 
Carbon . 
Chlorine 


40-42 

17-lH 


45 

10-5 


n 


The only difference between the two products is that the nitrogen 
lime contains calcium chloride which is injurious to v,egetation. 
Calcium cyanamide decomposes in the soil, yielding amiHonitf* 


CaCN., + 3HP = CaCOj + 2N1I,, ^ 

Manufacture of Cyanamide .—" Lime nitrogen " is manufactured 
in Italy hy the Societil generale per la Cianamide, the head office 
of which is in Home in association with the Berliner /yanid 
GSIbllschaft. This company has acijuired all the patents and pro¬ 
cesses relating to the manufacture of cyanamide of calcium and its 
derivatives. It afterwards assigned these patents for Italy and 
-lustria-Hungary to the Sooieta italiana per la fahricazioni tli Pro- 
dotti azotati, which has installed at Piano d’Orte a factory capable 
of producing 10,000 tons a year. It has just ac()ui»e<l at Almissa 
numerous waterfalls of a force of 50,000 H.P., which will enaWe it 
to manufacture 1,000,000 tons per annum. Manufacturing licences 
have been granted in France to the Soci6tf‘ franyaise des produits 
azotes at N.-D. of Briani;on ; to the Soci^ti Suisse near Martigny, 
and to the North-Westerns Cyanamide Co. near Odde in Norway, 
the head office of which is in London. A factory using a fall of 
water of 40,000 H.P. is in construction in America, and two others 
respectively of 2000 and 10,000 II.P. are in construction in Germany. 
The manufacture of cyanamide according to the first of these pro¬ 
cesses has just been modifijai by Polzenius, who adds 10 per cent of 
calcium chloride to the calcinm*carbide used so as to fix the nitrogen 
in the mixture at a much lower temperature [700° to 800° C. (1292° 
to 1472° F.1] than in the original ^’’rank and Caro process of 2000“ 
C. (3632° F.). The product so obtained is called " nitrogen lime ” 
in contradtstwffction ip the pro<luct “ lime nitrogen " by the old pro¬ 
cess. But this distinction is one of pure form, for the two products 
l^kve approximately the same composition. .The nitrogen in these 
products costs 1’4 francs the kg. (about 6d'. per lb.). This factory 
working this process is situated at Westerregeln in Germany. It 
is capable of producing 4000 tons oS lime nitrogen per annum. 

In Germany about 30,000 tons of cyanamide were produced in 

1913, and it was estimated that this would’.be increased to 400,000 

» 
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totiH ifi 1917. B. K. Scott placed the capacity of works bukt an., 
in couree <A ^rection at 250,0(X) tons per annum. 

The mean comijosition of nitrolim is.'given by Dr. Russell as 
follow^'— ' <■ 


t 

Calcium c anamide 

. ^H-5 

Dicyanodiamide 

. 0-3 

Calcium oxide 

. 24 0 

Free carbon .... 

. 120 

Calcium carbide 

. 0-2 

UM. 

. 3-0 

Moisture .... 

40 

Silica, iron and alumina, etc. 

. 3 0 


100*0 


Containing nitrogen 18*S 


Owing to the fact that the nitrolim forms an extremely fine 
powder which causes gient inconvenience during application it is 
usually treated with water and dried to granulate it. The calcium 
carbide then forms free lime which acts on the cyanamide *;cl 
polymerises it to dicyanodiamide (C.^H^N^), which is poisonous to 
plant life, therefore the less of this product there is jiresent the 
better. • * 

The following table reproduced from the .Journal of the Inter- 
nutional Institute of Agriculture, May, 1919, shows the world’s pro¬ 
duction of calcium cyanamide in metric tons :— 


GernVany . . ! 

Austrin-Hnngsry 
France . . 1 

Italy . 

Norway . \ 

Swo<len . ♦ ) ' 

Switzerland 
Canada •* . V 
Ignited States j 
Japan 

Total Production 


I'rmliietive . 
•aiwcity of I . . , 

work.s ct.iii- i. '‘V 
plrtedor 

und«r con- i *’ *' 
Ntrnotlon. i 


I 1914. 


600,000 1*00,000400,000 500,000 ^)00,000 36.000 24,000 
80,000 ! 24,000,24,000 24,000! 24,000 24;000 7,600 
8004»(X) 100,000100,000 100,000' 80,000 7,600 7,500 
80,000' 1.6,000 12,800 2.6,105: .25,20E '6,566 14,982 

200 000 '•'nonnonoonno/^'''^*** 

200,000 | 200,000 200,000 I 

65,€0p 40,000 40,000 29,500' 12,500 7,500| 7,500 

68,000 58,000 58,000 58,000: 58,000 58,000 48,000 

101,006 60,0(|p 60,802 88,462' 80,278 1,1171; 7,000 

1,434,606 787,802 885,102; 814,476 771,483 192,397i 166,944 
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ilann facinre of Xitrkic nf Lhiie. —As just nientioiu-d, thi#pi(J- 
cess consists in oxidiziiifA atmospheric nitrogen by electee means. 
In 1903, Prof. Birkeland d( Christiania observed tliat the electrical 
discharges from the alternating current, aP an average tension, dis¬ 
persed in tne magnetic field, ^liich brongbt alx)ut the combustion of 
the nitrogen in the air. This Jji'ocess has the advantage over similar 
ones of requiring a much lower electric tension, say 50(K) volts in 
place of 15,000, and furnishes much higher yields of nitric acid. 
The air is burnt in an electrical oven having tbe form of a drum. 
This furnace was modified and im))roved liy Samind Eyd^. In 
this drum the air is submitted to a temperaiure of 3000 C. lly 
rapid cooling the nitrous oxide (NO) formed in the electric flame 
is retained almost entirely, whilst in former processes It in 
great part lost. The nitrous oxide issuing from the furhace at a 
temperature of (100° to 700'C. (1112 to 1292° F.) comhines-iwith 
the oxygen to form nitric oxide, NO.^. which is passed through a 
series of towers. It finally yields nitric acid of 50 per cent strength, 
which is saturaterl With lime. The mass is then heated to 450" 
(S-flf F.), which is its melting-point, and is then poured into cast- 
iron cylinders, where it solidilies slowly. In the beginning, crystaf- 
lized nitrate of lime was manufactured which was dillicult to use 
owing to its hygroscopic properties. This product melted between 
the fingers aiul could thus only bti used mixed with peat dust. Tor 
this reason attem])ts were made to ])roduc(‘ basic nitrate of lime*; 
but this product contains only 11-7 ])er cent of nitrogen, which 
rendered the freight charg(.*s heavy, and formed an obstacle to its 
^jale. Ijately, the partially dcdiydrated salt tested Id |)<*r cent of 
nitrogen. The first manufactory of any importance of tins jnoduct 
was built at Notodden in Ntirway. Th«^ experienc(? acquired in Ami 
Haotory has iriduced the management of the company to increase 
the plant, to product; 8000 to 10,000 tons per annum. This factory 
is maintained by the Jhidische Anilin und Soilafalnik. The unit of 
nitrogen in nitrate of lime is sold at the same rate as the nitrogen 
in nitrate of soda. - 

Productum <<f Sitratea lyireM from tho Air. When an electric 
spai'k is passed through air a small (juantity of niti ic oxidt? is pro¬ 
duced, whidh on oxidizing furthei^ gives rise to th(‘ formation of 
nitrous fumes which may b(j det(*cted by their qdour or by means of 
test papers^ reliction is the basis of the production of niti^tes 
from the atmosphere, but urdortunately a large amount of energy 
is Required to bring about the reaction, and in any unde?-taking on a 
•commercial scale, cheap powtu* is an absolufe necessity in order to 
compete with the natural nitrate in regard to price. Hence it is thai 
the process has been developed only in those countri<*s where water 
power is plentiful and little or no restrictions are placed upon its 
mtilizatioo. Norway especially, but also Owmany and the United 
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^ateg are countries in which nitrates are produced by this taeans, 
but, although much research has been carried on in this direction 
in England during the war, it does not /ieem possible with fuel at, 
the pKsent price and such little water.^wer as we posses to coifti- 
pete with countries such an the abovaAvhioh are so well endowed. ■ 

The different electrical furnaces used for the production of 
nitrates from the air and also the general methods of operation have 
been fully described by K. Kilburn Scott' from whose paper the 
following details are taken. 

Bifkeland-Eyde Furnace. —The Birkeland-Eyde furnace is in 
operation in Norway where there are thirty-two of 600 to 1000- 
kilowatt capacity at Nottoden and eight of 3500 kilowatts at 
Saahr'm.*_ The furnace is constructed of steel castings with brick¬ 
work between, forming a cylindrical chamber with a central cavity 
in tMj form of a disc. The air is forced through a pipe in the 
lower part of the furnace and enters into the inner chanjber 
through a number of perforations through which it passes radially 
and, emerging into a circular channel just within the periphery 
<^f the furnace, it flows to the outlet pipe, through which it i^fe- 
moved. 

Electrodes connepted to an electrical generating plant are fixed 
in the furnace, and, the magnetic field being at right angles tO' 
these, the action of the alternating currents which flow through 
them is to ddflect the arcs outwards into the reaction chamber. 
Each electrode becomes alternately positive and negative, hence 
the flames pass so rapidly from one side to another that the whole 
chamber appears to be filletl with a continuous mass of flame. 
This sheet'of flame in the 1000 kilowatt furnaces is about 6^ ft- 
diahieter, and in the 3500 kilowatt turfiaces it is 8 ft. in diameter. 

Schonherr-Heuberyer Furnace.—.\t the Christiansund works, 
of the Badische Anilin und Soda Fabrik there are twelve furnaces- 
of this type, each of 450 kilowatts, and at the Saaheim works, 
ninety-six of 1000 kilowatt power. 

In this form of furnace there are fo«r annular steel tubes set in 
the vortical position, the outer tube, about 3 feet in diameter, is- 
constructed of steel platf^i riveted together and is lined with fire¬ 
brick. The inner tube, about fi inches diameter, is the reaction 
chamber. In this isifitted a whirling electrode which forms a long- 
arc i.flame up the centre of the chamber; file aif fst-introduced 
through a, series of tangentially arranged tubes so that it has a 
whirling motion impaired to it which materially helps in keeping; 
the ar8 flame in the centre of the tube. The electrode at the 
bottom of the furnace if formed of an iron rod which is insulated 
from the furnace and is kept Sold by a water-cooled copper gland. 
It is pushed up from .below as it burns away and is lengthened! 

Kilburn Soott, ** Jonrn. Soc. Chem. Indt.i** ISIC^ p. 118. 
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*lyhen r^uired by screwirW on fresh rods below Vilhout interfaing* 
with the working of thelfurnace. The upper electrode is also 
cooled by means of water.V The furnace is about 40 ff. high, the 
flame in the 450 kilowatt jurnace being 45 ft. long, and i|^ the 
1000 kilow»tt furnace it is 20\t. long. 

■PauMng Furnace .—The Palling furnace is in operation in the 
nitric acid works at Gelsenkirchen, Innsbruck. Milan, lioche do 
Rame, France, and also in South Carolina, U.S.,A, 

It is fitted with two electrodes which are made to diverge so as to- 
• form a fan-shaped space between into which a blast of air is bjpwu, 
thus filling the space with flame. In working this furnace it is first 
necessary to set the electrodes in such a position that with the 
voltage available the flame easily passes between; the, ou»rejjt«f 
air blown' in then carries the flame upwards. The electrodes ai e 
of cast steel piping, each being built up of three pieces, so 4hat 
when the upper one burns out the electrode can l«^ reviu sed and 
the new one brought into operation. Along each electrode is run 
a thin copper blade for kindling purposes, this Ix-ing set on edge 
90 a«]4o interfere as little as possible with the blast of air. These 
copper blades are brought within almut .'1 inrn. of each other and* 
are fed forward a.s they burn away. .At each cycle of the al¬ 
ternating curi'ent a flame is struck which is blown upwards 4)y the 
blast of air and then goes out, to be immediately followed by 
another. Part of the air is prelieated and passes np,through the, 
bottom of the furnace, the other part is blown on to the top of the 
flame to facilitate cooling; the latter being mixtal with some of the 
air and nitrous gas which has already l)een through the furnace 
and has been subjected to cooling. A separate Pauling Jurnace is 
attached to each phase and,each furnace has two electrod(^B con¬ 
nected in aeries, there is also a chimney at the top for removal of 
the gases. 

The three furnaces described ai-e all single-phase furnaces, as 
distinct from the following, which is a three-phase furnace, and 
much more economical in its consumption of electrical energy . 

Killnirn-Scon Fiinuicf.^)ut% is a three-phase type of hirnace, 
being conical in shape and fitted with three electrodes of stuel 
. which are nwunted in such a way ^hat tlfty can he swung out of 
the furnace when reciuired for repiflrs or othe^ pur])Oses and can 
be brought hue]--anto,position easily and quickly. Surmountjng 
the furnace* and carfied on cast-iron columns, is a water-ti^ 
boiler which not only serves to utilize the wasU^heat for j^enerating 
stedm but at the same time cools the gases ^s they emerge, from 
the furnace and thus prevents undue dissociation. 

The three-phase system results iu thi? formation of a flame 
roughly in the shape of an inverted cone. The air is blown into 
this flame bv means of an electric fan and '^hc gases which pass 
10 
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•thrftugh are removed by a pipe'near tni top of the furnace. Th^ 
eflicient)^ of the furnace is increased loy enriching the air with 
added oxygen, the best results being obtained when the proportion 
of osygen to nitrogen is in the ratio 1. 

Passing from the furnace the gi^s, now containin^nijric oxide 
equal to about 2 per cent of nitric^cid, are first partially cooled by 
traversing a nest of aluminium tubes and from these they go to 
the preheater where the residual heat is utilized for heating up 
the air passing to the furnace. Next the gases pass up a large 
circi^lar tower constructed of steel plates lined with acid-proof 
brick, and in the time required in traversing this the nitric oxide 
is further oxidized to peroxide. An exhaust fan removes the gases 
fr^ the tower and transfers them to the Ixrttom of the first of the 
four coifdensing towers. Each of these towers is filled with acid- 
proof material laid in such a way as to break up the flow of gas 
*8 much as possible and thus bring it into very intimate contact 
with the condensing liquid, which is allowed to flow down it from 
a tank above. Pure water passes down No..4 tower in the series, 
the liquor from this being pumped to the top of No. 3, and tl.ence 
through No. 2 to No. 1. The counter current of gases thus meets 
» fairly strong solution of tdlric acid while the weakest gas is 
subjetoed to the aCiion of pure water. .\cid of any strength up to 
50 per cent can thus be produced at one operation. An appreciable 

., proportion (<up to as much as 20 per cent of the total), however, 
escapes solution in the water, even under the most favourable con¬ 
ditions, l)ut this is not allowed to go to waste, since the gases are 
finally passed through a solution of sodium carlxmate or milk of 
lime by which it forms mixtures of nitrate and nitrite or into caustic 
soda solution for the production of nitrite. 

One important point in connection with the formation of nitrate 
or nitrite, is that without any chemical treatment the product 
can be obtained in an almost absolute state of purity. 

The acid of 50 per cent strength from the condensation towers 
can readily be, concentrated to a strength of 60 per cent by 
heat alone, or it can also he further concentrated to even 98 per 
cent by well-known methods such as that of H. Pauling, hut for 
ordinary purposes, such as the production of nitrates, no further ■ 
treatment is requjjed than tire satnration of the acid with a base 
a^^d the evaporation of the liquid to crystr.llizmgv,pgint. In this 
way sodium nitrate is obtained in Norway' of such a** high degree 
of purity' that it c#.n compete with Chilian nitrate. Ammonium 
nitrate could be made very readily if the pi'ocess could be worked 
in this country, as wo have an abundant supply of ammonia. 

The installations working the Birkeland-Byde process were 
stated in 1912 to have a capacity of 200,000 horse-power, while 
those under construefton would add another 300,000 horse-power by 
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1916. tOf course, great Ivdvautage is gained by employing w1itei< 
power; the capital charges are gieatef than when 3teai#.power is 
used but the cost is sub^uently very low, being in Norway less 
than £1 per horse-power year. 

Witji regard to the effieiei^.yot the dijerent electrical piooesses 
(or the direct conversion of n'irogen to nitrates Dr. Hyde stated 
that at the Notodden factory, the output per kilowatt year is 853 to 
938 kilograms (1870 to 2000 lb.) of nitrate of lime containing 13 per 
cent of nitrate, equivalent to 500 to 550 kilograms of pure nitric 
acid (1100 to 1200 lb.), but that as high as 900 kilc^ams 
(1980 lb.) of the latter had Ireen attained. It has also been stated 
that the production at this factory per annum is 20,000 tons of 
nitrate of lime, 4000 tons of sodium nitrate, and 4000 toils (^•fln- 
monium nitrate. As this factory is supplied with curreht from a 
power house containing four turlxi generators, each of 10,000 kirae- 
power, equivalent to 30,000 kilowatts, the yield amounts to 1478 ll>. 
of nitrate of lime, 298 lb. of nitrate of soda, and 298 lb. of nitrate of 
ammonia per kilowatt year. 

•I>r. Pauling guarantees with his furnace a pi'oduotion of 60 
grms. of nitric acid per kilowatt hour of electrical energy measured 
on the switchlxiard of the works, which means 525 kilograms 
(1157 lb.) per kilowatt yeai'. * * 

Therefore, although the single phase jirocesses at present in use 
do not yield anywhere near the theoretical amount sf nitric acid, 
it is possible to produce practically half a ton of 90 per cent lAiid 
per kilowatt year. 

Maxted has made a comparison of the dilferent methods for the 
fixation of nitrogen by calculating the total energy requited in the 
processes to electrical energy. • 

By the arc process one kilowatt year of power will yield aliout 
600 kilos of nitric acid or 130 kilos of fixed nitrogen. 

By the carbide-cyanamidc process about 2 kilowatt years, 
and in addition 3 to 3^ tons of coal or other fuel (or a total power 
equal to 2’6 kilowatt years^ is required to produce 1 ton of fixed 
nitrogen. Therefore 1 kilowatt year will fix 380 kilos of nitrogen. 

In the direct.synthesis of ammonia to 7 tons of coal and 
coke are reijtiired in the generatioi^ of hydrogen and for the pro¬ 
duction of power required to fix one ton of nitrogen as ammonia. 
ConvertingjKffl ifi te/Jns of electric energy 1'2 kilowatt years,are 
required to fix one ton of nitrogen, or one kilowatt year will fix 
abput 830 kilos of nitrogen. . 

Agricultural Experiments with Cyanaritide .—Calcium aiyana- 
mide has of late years been the subject o^f numerous agricultura! 
experiments by P. Strohmer, 0. Bottteher, Otto A. Stutzer and E. 
Wein. , 

_It must be observed that in general calcium cyanamide neither 
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‘suits peaty or humic acid soils nor light ^ndy soils. On the other 
hand, it fcjy be used in all loamy soils * average fertility. Owing 
to the formation of dioyanamide, this ^nure ought to be spread at 
leasikeight days before sowing and c^red in afterwardg in not too 
superficial a manner, fllhe actioniof cyanamide is weater than 
nitrate of soda, it is also slower them the latter. But as the unit of 
nitrogen is supplied cheaper by the new manure a greater amount 
can te used to restore the balance. Without doubt cyanamide de¬ 
serves attention. According to the experiments of Eemy, this 
manure succeeds very well on clay soils, less so in sandy soils. F. 
Loehnis has observed that the conversion of cyanamide into 
ammonia in the soil is effected by bacteria, for example, by the B. 
ifSIfmthlrium, the mycoid, and other species in part new. We know 
that the conversion of ammonia into nitrate is likewise effected by 
bacftria, and according to the researches of G. Muntz and E. 
Laine, peat is an excellent means for bringing nitrifying bacteria to 
very great activity. For this purpose the peat is moistened with a 
solution of an ammoniacal salt after it has beerf'mixed with lime to fix 
the nitric acid formed. From very detailed comparative experilnents 
by P. Wagner, B. Dorsch, S. Mals and M. Popp, “ Land Versuoht,” 
1907 ^ol. LXVI, p. 285), with cyanamide and various nitrogenous 
manures, it follows that:— 

1. Sulphate ofAmvwnia and Nitrate of Ammonia have not shown 
great ditferehoes in their mode of action. 

‘ 2. CarboiMte of Ammonia produced in loamy soils exactly the 
same results as sulphate and nitrate of ammonia. In sandy soils 
it did not act normally on the culture in pots except in a dose of 
0'.75 grm‘. applied once; stronger doses were injurious. 

* 3. Nitrate of Lime acts normally'up to the second dose (1'5 
grms.) in loamy soil and up to the third dose in sandy soil 
(2’25 gims.). But from that moment there is an injurious action, 
especially in loamy soils. The high percentage of basic nitrate of 
lime and the still higher percentage of nitrate of lime produce in¬ 
jurious effects. c 

4. Cyanamide in a dose of 0‘75 grm. once applied has given 
a favourable result in pots, although a little less than other nitro¬ 
genous manures of equal dose, 

6 . Fish Gi«hio« produced an average useful effect of 78, the 
action of nitrate of ammonia and of sulpbhte oPhOimonia being 
supposed, to equal 100. 

6. Oreen Manure^ have produced on sandy ground the same 
usefuK effect as fish guano does in loamy soils; they were, however, 
slightly less effective. . 

7. Nitrate of Soda, Chiti Saltpetre, and Sulphate of Amnumia 
have regularly produced higher yields and a better utilization of the 
nitrogen than cyanathide. 
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Theigeneral result of ,4ll these agricultural Sxporimeuts ia> t^e 
following;— y , ^ 

It the value of nitric nitrogen be expressed by lOOj the value 
of the nitrogen in cyananiide is represented by 90. The dime 
nitrogen adts a little more feeoly when its decomposition in the soil 
gives rise to the formation of diijjanamide'resulting from the action 
of carbonic acid, humic acid, heat, and the absence of bacteria. The 
factors which favour the action of cyanamide are uniform distribu¬ 
tion (fifteen days before the time of sowing), perfect mixing of 
the manure with the soil, sufficient moisture to the soil, a loamy 
soil rich in bacteria, spreading at the latest on 15th February for 
winter plants.' 

Rules for the use of Cyammule. —Irnmendorf has dwiwt^^p 
the following rules for the use of cyanamide :— • * 

1. Cyanamide does no suit humic acid soils, in which its action 
is uncertain and where it may poison plants. 

2. For the same reason its use is not recommended in light 
sandy, somewhat torpid soils, especially those with an acid reaction. 

All other soils, especially loose friable soils, which contain 
enough lime and are regularly manured with farmyard dung, majf 
be manured with cyanamide. 

This new manure may bo successfully appited, bearing iti mind 
the following directions:— 

(a) The dose to use per hectare should Iw from ySO to 3(X) kg. 
(330 to 660 lb., or 132 to 264 lb. per acre), equal to 30 to 60 kg.’ 
(66 to 132 lb.) of nitrogen per hectare (or 26 5 to 53 8 lb. jwr acre), 
according to the fertility of the soil. 

(b) As the cyanamide gives off an enormous amount of dust, 
which is possibly the most unpleasant defect of this manure, ^he 
best thing to do, if a manure distributer be not available, is to mix 
it intimately with double its weight of not too moist soil and to 
spread it immediately. 

(f) The spreading of the manure ought to be done eight to 
fifteen days before sowing, accoiding to Frank. However, when 
this manure is applied to suitable soils, this delay is not to be 
insisted on (unleq? in case of too great drought); if it Ire spread 
three to fouf days befor e sowing and suitably covered in, cyanamide 
completely loses its properties injurious to thj germination of the 
seed. ,.<• • • 

(d) It is essential to mix the manure with the surface laydl: of 
soil immediately after distribution, covering it^in with (he plough. 
Ckre should be taken not to spread the manure so long^as the 
surface of the soil is humid and very hot. 

• 

^ For a comparison of the manurial values of cyanamide see also J. Hendrick, 

“ Jour. Soc. Chem. Indt.,” UHl, p. 522. 
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• (*) In no case should cyanamide ba used as a top-dressing, 

at least until after the crop’ has been r^oved, for in that case it 
would be more injurious than useful. 

Ij^atvbacks in the Use of Nitrate ,6f Lime. —A. Pitzewitz has 
communicated to the Ge^yman Agricultural Society th^ r^ults of 
experiments which he made with nitrate of lime as a manure. 

“ I used,” he says, “ in the spring of this year large quantities 
of nitrate of lime as much on grain crops as on beets, and I can say 
that from the point of view of the results, nitrate of lime has not 
showfl itself inferior to nitrate of soda. 

“ Nevertheless, I will take care not to use it again, for the 
following reasons:— 

Ski- Stored for a long time in casks nitrate of lime suffers con- 
siderableloss in weight. Having left the casks from January in 
dry iparehouses, I found at the time of spreading in April-May, 
1898, an average loss by volatilization of 20 to 25 lb. per cask. 

“ 2. It is very difficult to regulate its distribution by the drill. 
Nitrate of lime, moreover, has the grave drawback of envel^ing 
the persons about or following the machine, as well as the hors^ in 
1 layer of tacky dust, so that labourers refuse to apply it. It is there¬ 
fore for that reason that it is impossible to spread nitrate of lime by 
hand, for the hands'would be injured, and the wind projecting the 
nitrate of lime about the body would endanger the eyesight. It is 
therefore neoessary (1) to find a manure distributer which will 
obiliate these drawbacks ; (2) to improve the conditions of preserv¬ 
ing the product during storage.” 

To obviate the deliquescent properties of nitrate of lime, it is 
mixed with equivalent (juantities of alkaline sulphates, sulphate of 
potash or magnesia, or calcined kieserite. The product so formed 
is not more deliquescent than nitrate of soda, and forms a dry 
powder. 



CilAPTKH XV. 

NITIiOGEN’IZKI) 1‘IIOSl’H.VTIC 

CONCENTKATKD niaiuu'es coiitiiininj» Imlli iiitioHcii u.ml jilios *lioric 
acid in important (|uantities ai'c only ri'pi-cscntcd on tlu; market 
under well-determined forms. Such mamires lia\'e ])layrtl %wli-y 
important role in the history of agricniture. They were (he'starting- 
point of chemical manun.'s, and it is through them that we*first 
learned to fertilize the soil and to increase th(‘ vegetable prodiu^tion, 
otherwise than by farmyard mamive. It was only aftei-wards that 
agriculture came to flu; large series of phosphates, potash salts and 
nitrogenous matter which have to-day become the indispensahle 
factors of all rural exploitation. These manures an; Teruvian giniiuJ 
and hones, to which were added gradually th(‘ dilTerent manures 
compounded from waste of animal origin desci iBed in the pifceding 
chapters. 

Peruvian (liiann. Itx ('empn.s'd/ei/. lake pl*)spho-guano;\ 
already described, I’eruvian guano is essentially a product of the 
decomposition of the excrements of sea-fowl. It has an analogous 
origin, hut is formed in a different manner; whilst liaker guano 
contains scarcely 1 per cent of nitrogen with about HO )»'r cent of 
phosphate of lime, I’eruviati guano has jurwerved almost integrally 
throughout centuries the nitrogenized organic mattei', owing to the 
climatic conditions which prevail in the countries where such 
deposits are found. Birds' excrement (pigeons' and hens' duTig) has 
been known for a long tinu; to I);; a valuable manure ; it is dis¬ 
tinguished by great richne;^ in nitrogen, contrary to what occura 
in the case of mammals.' But the excrements of birds of prey 
(carnivora;) are partictdarly rich in nityrgen, and the sea-hirds 
which produce guano fall exactly i^to this cat(;gory; in fact, whilst 
the dried mixture of the solid and liejuid i;vacuntions of man contain 
on an ave»fge 10'4(X per cent of nitrog(;n and H-HK per ceid of 
phosphoric acid, the dried dung of the tiagle contains llf)'7 to 37'7 
ot.nitrogen and 0'32 to 3'99 of phoshoric acid, whilst tfie urine of 
these birds, instead of la;ing li(piid like that*of mammals, ia thick, 
and thus does not penetrate into the soil hut remains in the guanoi 

The deposits of nitrogenizexl gua»io extend over a vast surface 
of the West Coast of South America, the yuality always varying 
acceding to th® situation of the ditrerenU deposits. The most 
(295) 
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«gte 0 tned kind was that formerly collected on the Chinch* Isles, 
well known to the ancient Peruvians, whp came there to search for 
manure to fertilize their wheat and potato fields. But these islands 
are mw completely exhaasted, as well as those of Ballestas, Guanape, 
and Macabi. It is, therefore, unnecessary to describe thf^. How¬ 
ever, we cannot help quoting the aqalyses of the samples of guano 
brought from these islands by Alexander von Humboldt in 1804, and 
of some others, because they correspond closely with the guanos 
now imported from these countries (see p. 291). The following are 
some^f the distinctive characters of Peruvian guano, according to 
J. Girardin:— 

It is a dry powder of a pale yellow or cafe au lait colour, but it 
beamnes chocolate coloured as it ages or when it is exposed to the 
air; u absorbs, moreover, in the latter case much moisture, becomes 
heavier and adheres to the fingers. It exhales a strong putrid or 
ammoniacal odour which induces sneezing. It has a very sharp 
salt taste. It shows in l)ulk numerous whitish semi-hard concre¬ 
tions which can be crushed between the fingers, and which when 
exposed to the air soon slake and fall to dust, exhaling a very sftftng 
dmmoniaoal odour. Thrown into water, Peruvian guano soon sinks 
to the bottom, without anything rising; when heated it blackens, 
burning’with a feeblh flame with production of a strong ammoniacal 
vapour; the residue which it leaves is in the form of a white or 
^lightly bluish porous slag; the weight of this residue varies only 
between very near limits, 27'5 to 35 per cent. 

Triturated with powdered quicklime, Peruvian guano immedi¬ 
ately ^ives off a strong ammoniacal odour. When thrown into a glass 
containing a concentrated solution of chloride of lime, it soon gives 
riseuto disengagement of bubbles of gas which continue for a some¬ 
what long period. In contact with hydrochloric acid it produces 
only a slight effervescence ; moistened with nitric acid and dried 
in a poremain capsule, it assumes a fine red colour. Finally, this 
guano only rarely contains silicious pebbles, and it contains only 1 
to 1'6 per cent of sand; the maximum })eing 2‘5 to 3 per cent. 

In this same report Girardin gives the analyses of thirteen samples 
taken by himself from the bulk on board ship on their arrival in 
Havre. This document Is so interesting that it will 'be useful to 
reproduce it here, 'fhe guanos delivered afterwards were less rich 
in nitrogen but richer in phosphoric acid tly.n those- jvhioh gave 
the old analyses. That is not surprising, as each new sample 
yields different resultg; for, on the one hand, the workmen entrusted 
with oo’leoting it are n'ot sufficiently careful, on the other hand,'the 
deposits are continually altering under the influence of moisture, 
however small the rainfall in* these countries. But the chemical 
transformation of the guano is not the same in every part of a de¬ 
posit. 
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• TABLE LXXIX—ANALYSES OF PERUVIAN GUANO. 
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TABLE LXXX.—ANALYSES OF PERUVIAN OU^NO. 
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2-6 
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Thus* leaving out of account the superficial lamellar layer •which 
obviously %(jntain8 the mosif recently formed guano, a layer the- 
stratifications of which may be compared to the annual rings formed 
in the*runk of a tree, thred superimposed layers may be distinguished 
in the deposit—the superficial brown layer, the middle yellow layer, 
and the lower brown layer. The» richest guano is that of the- 
middle layer. That of the upper and lower beds being tbe poorest. 
This fact is easily explained by considering the incessant phenomena 
incidental to the formation of these kinds of deposits. 


ILE liXXXI.—AXALYHES OF PERUVIAN GUANO. 
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2-0000 : 

B-000 

0-500 

2-700 

20-700 

ll^ilB 

rotash . 

0-064H ' 

2-B19 

2-894 

1-001 

2-180 

2-162 

Other soluble salts. 

5-0362 : 

2-9H1 

4-300 

0-239 

0-92 

1-380 

Organic i^piattcr and 

t 1 






ammoniacal salts 

67-2100 

40-39(1 

49-640 

46-510 

29-00 

15-300 

• 

100 0000 

100-000 

100-000 

__ 

100-000 

100-000 

100-000 

Nitrogen per cent . 

11-BO ^ 

12-18 

13-47 

14-58 

11-30 

2-66 

Anamonia ,, 

4-90 

H-230 

7-04 

4-90 

2-29 

2-30 


• TARIjE I.X.XXII.—ANAEVaEH OF PERUVIAN GUANO. 



7 

H 

9 

10 

11 

12 

.8 : 

Water . 

18-800 

12-740 

15-025 

19-740 

21-.')00 

15-300 

1 

18-00 I 

Sand and pebbles . 

4-300; 

3-710 

2-;246 

2-280 

17-700 

20-000 

16-00 1 

Phosphate of lime . 

40-300j 

18-000 

31-800 

34-800 

85-600 

11-500 

38-800 1 

Other insoluble salts 

6-800' 

«fW-200 

26-200 

23-200 

1-100 

ia-350 

12-300 I 

Potash . 

2-026' 

0-771 

, 0-578 

1-824 

2-500 

0-676 

0-4824; 

Other soluble salts. 

1CW974 

14-329 

18-622 

8-576 

0-800 

2-874 

8-8176 

Organic matter and 

1 




• 



anSmoniacal salts 

18-100 

12-250 

11-530 

9-580 

21-800 

31-^00 

10-600 


100*000 lOO-OOO' 100-000 

100-000 

100-000 

100-000100-00«0 

Nitrogeii per cent . 

4-48 I 

1-28 

1-82 

1-09 

4-82 

4-13 

1-250 

Ammonia „ 

1-416. 

0-183 

• 

i 0-183 

0-176 

0-76 

traces 

traces 
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Although rain is very rare in these countries *the surface of thtf 
deposit IS nevertheless moistened mor* or less constantk by the 
mats and fogs of winter. Now, moisture bv its pres’ence alone 
diminishes the value of the guano of the •superficial kd, brides 
chssolving felts of potash, ammonia, lime, and magnesia in so far as 
they are soluble, causing them tij pass into the middle bed. To this 
downward transition there is a corresponding ascending transition 
from the lower beds. In fact, the guano of the lower bed in contact 
with the soil is slowly decomposing, giving oil ammonia ami car¬ 
bonate ot ammonia, which king very volatile ascend towanis the 
surface. The two opposite currents meet in the middle zone. The 
dissolved earthy salts fi.x the ammonia, which is thus coiuerted 
into stable compounds. It is, therefore, easy to iinderstsiatafiy 
the middle bed is richest in nitrogen and especially in amliioniacal 
salts. If this transference of matter in itself suliiciciitly oxj^rins 
the great dillerenoes in composition revealed by analysis' it is not 
the sole cause. Peruvian guano does not consist wholly of the 
excrement of sea-foi^. Remains of seals and other marine animals 
ariW^nd in the tower beds in a gooil state of jireservatioii. It is, 
therefore, right to assume that these islands at a previous epoch* 
when they W'ere less elevated, served as a refuge to a great numher 
of these animals, and that after they had liedbiiie inaccei«ihle to 
the latter owing to their volcanic ujilieaval they became the homo 
of sea-fowl. This hypothesis enables us to understand why the, 
brown guano of the low'er bed is of less value; for the llesh iflid 
the decomposed Ixines of which it consists are not so rich in nitrogen 
as the birds’ excrement. The composition of guano, therefore, 
varies according to whether it comes from the upper, the middle, 
or the lower bed of the depasit. The concretions (nodules) of 4he 
upper bed have a composition identical with that of the powiler in 
which they are embedded. Their colour and their structure enable 
one to recognize that they have been derived from the guano of the 
surface bed. The concretions from the middle bcil are distinguished 
from the surrounding mass,by their colour, which is paler, some¬ 
times almost white, and they contain a crystalline, nucleus or have 
a crystalline structure in parts. They consist chi(!tly of ammoniacal 
salts, oxalafb and carbonate, and consequently contain more 
nitrogen than the guano in which they are embedded. The diflcr- 
enoe may hj*as irtuch^s about 1'5 per cent, or even much more in 
the case of very pure pieces. The nodules, the analyses of which 
are given here, according to Karmrodt and,Phipson, come un¬ 
doubtedly from the middle bed. They contain :— 
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.TABLE LXXXIIL—ANALYSES OF GUANO FROM MIDDLE B^D OF 
PEBUVIAJI GUANO DEPOSITS. 

Karmrodt. Phip$on. 



Per cent. 

Per Mnt, 

Oxalate of ammonia 

. 41-28 

• — 

Carbonate of ammonia . * 

— 

T6-93 

Urate of ammonia 

. • . 4-09 


Alkaline uratea 

— 

1^9 

Nitrogenous organic matter . 

. 10-17 

— 

Phosphate of potash 

. 9-5-2 

— 

,, Hoda 

. 9-08 

— 

* ,, ammonia 

. 7-57 

— 

lime (monaoid) 

— 

1 14 

Carbonate of lime 

— 

9-91 

^l^phate of potash 

. 7-49 

traces 

,t lime . 

. 3-40 

traces 

Magnesia and chlorine . 

— 

traces 

Moisture .... 

. 7-40 

10-93 


100-00 

100-00 


yhe lower beds of the deposit consist chiefly of salts of the 
* alkaline earths, and the aggregations which are met with have also 
the same composition. Sulphate of potash predominates in the 
nodule^of these beds. The following is the analysis of one of these 
nodules, according to Kraut:— 

• 

TABLE LXXXIV.—ANALYSIS OF PERUVIAN GUANO NODULES 
(LOWER BED). 



Per cent. 

Sulphate of potash . . • » • 

. 45-64 

„ sods . 

. 13-22 

,, ammonia .... 

. 10-28 

Oxalate of ammonia. 

9-14 

Phosphate of ammonia (basic) . 

. 12-09 

„ (monacid) 

4-78 

Organic matter. 

. 0-94 

Insoluble matter . . . * . 

1-90 

Water.' . 

. 2-06 


• 100-00 


As observed above, Ae percentage of nitrogew in. Peruvian guano 
vari&s between 3'76 and 9‘34, it is thereforS much loVer than in 
the materiftl collected about 1860. The Chincha islands deposits 
have a,composition semewhat like those of the old guano, as the 
following analyses of the Halle experimental station show. 

Analyses of the gutfno of different cargoes is given in Table 
LXXXV, p. 301. As will be seen later, guano is no longer sold 
except in the dissolve^htate. As guano, leaving its nitrogen out of 
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account, consists mainly of phosphoric acid, in* the form of phos* 
phate of lime, it is, most generally, insoluble in the crude ftate. lu 
certain very favourable circumstances, rarely met with* it becomes 
soluble in the soil, owing to the nitrogenous matter with wych it 
is mixe4. *But beyond these conditions, it is no more soluble than 
the guano from Baker’s Island, and consequently it is to a large 
extent inactive. 


TABLK LXXXV.—ANALYSES OP DIFFERENT CARGOES OF FERLVIAN 
GUANO. 



]. 

Pit cent. 

Phosphoric acid, 
total. 

Phosphoric acid 

«'70 

soluble in water 

a-Ml 

Phosp^rk acid 
solui^ m citrate, 

i7*25 

after petermann 

4Goj 

Nitrogen, total 

8*20 

„ ammoni* 

acal . 

l*!»o 

Nitrogen, nitric . 

0*00 

,, organic. 

l)-2.5 

Potash. 

Phosphoric acid, 
soluble in water 
and citrate, per 
cent., on total . 

2*10 

m-HH 


II. 

111 

Pit Cent. 

PiTC 

11*40 

0-0 

4*25] 

2*15'| 

p-'.ir, 

1 

j 

H-7ol 

4*lK)J 

18*B.'> 

14*1)0 

8*05 

1*h5 

0*08 

0*00 

10*25 

12*75 

8*05 

2*45 

(i0*7 

75*0 

• 



IV. j V 
IVn-fUt. i l‘fr c 





4!H)| 

K-'.M) 


I 4-70 

j H-Kf) 


()•!«) 0-10 

< 1*40 <rlO 

1*05 2 *im 


70*0 K;{-() 


Vf. 

l\r cent. 




fo*ac 




7*:»5 -7*0fi 

I l*rtof • 


H-OO 


7*20 

n*or> 

1 . 

4^0 


<)H *4 


Dissolved Peruvuin G'MflJto.—Under this designation the Anglo- 
Continental Co. deliver a special form of guano with a guaranteed 
percentage of 7 per cent of nitrogen, 9*5 i)er cent of phosphoric acid 
soluble in water ( == 10 to 11 per cent of total phosphoric aci<l), and I 
to 2 per cent of potash ( =• 2 to ;i‘3 of sulphate of potash). Ah guano 
is generally loaded into ships in the bottom of the hold as hayast, 
a part of the cargo is naturally dienchetf with sea water. Jn the 
early days, importers placed this*damaged nortion on one side; 
but this en^d is looking up considerable capital, and means had to 
be taken to unlock it. Attempts were made to dry the dan^ged 
gpano and to sell it cheaply to farmers. But this metho^ of utilizing 
damaged guanos had numerous drawbacks.* Nothing in f^pt could 
distinguish it from the guano which had not been drenched, neithw 
the outward appearance nor the smell, ifbr the chemical analysis 
itself, which showed the same percentage^ of nitrogen as normal 
gi^ano. 
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• 

• Che importers carefully considered these drawbacks. •Accord¬ 
ingly, a#ting on the advi»e of the chemists, they attempted to 
improve tRe damaged guano by dissolving it with sulphuric acid. 
As Jhe manure so treated gave good results, this method of treat¬ 
ment was applied to all guanos indifferently, so that for,the past 
fifteen years 96 to 97 pSr cent o^ the dissolved guanos has been 
produced from non-deteriorated guano. In the later contracts 
between the Peruvian Government and the Peruvian Guano Co., 
these conditions have undergone no alteration. The process used 
to dig^olve Peruvian guano is as follows:— 

As the guano exists in big lumps in the raw state it must first 
of all be ground to a fine powder. As it would be idle to pass all 
th%iyas« of guano through the crusher, the latter is combined with 
a shaking sieve to separate the powder from the big lumps, which 
alon|! are ground. The crusher also eliminates from the guano 
stones (granite) brought from the deposits, which when they are not 
too large are fixed between the bars of the machine, from which they 
may be removed. In this way about 1 per cent of stones is ob¬ 
tained, which is debited against tbe supplies of the guano 9t*the 
purchase price. 

The powdered guano thus obtained is then mixed with 22 per 
cent ofrits weight of sulphuric acid of 66'’ B., sp. gr. 1’84 (168° Tw.), 
or its equivalent of acid at 60° B. As the phosphoric acid exists as 
.dibasic phosphate, the operation requires no plant, and is done by 
sinnple shovelling. The material is then laid in heaps, where it 
solidifies. When the reaction is finished, the guano is again passed 
through the crusher to reduce it to powder, the form under which 
it is put on the market. Dissolved guano contains 5 to 7 per cent 
of nitrogen and about 10 per cent of soluble phosphoric acid ; it is 
sold with a guaranteed analysis.* 

As the Anglo-Continental Guano Co. can only supply a product 
of uniform analysis, by carefully sorting and mixing the raw guanos 
and not by the addition of foreign matters, sulphate of ammonia, 
etc., it follows that the constant’ decrgase in the nitrogen content 
of the raw guanos reacts also on that of the dissolved guano. 
Since 1878 the guano has been delivered uniformly with 10 per 
cent of phosphoric acid a^id 5 tg 7 per cent of nitrogerf, at the wish 
of the buyer. Dissolved guano has the considerable advantage over 
raiv guano of acting with absolute certainty,' Ahhoug)i the phos¬ 
phoric acid of raw guano dissolves in the soil, when the temperature 
conditions'lend therpselves thereto, it is precisely this dependence 
upon sonditions which lessens its value and renders it less useful. 
•As the solubility of the phosphoric acid, moreover, depends on the 
• 

‘ All manures in Oreat^ Britain must be so sold to meet the requirements of 
the Fertilizers Act.-~Tn. « 
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)erceti^age of alkaline salts in the guano, present-day i-aw gyanqs 
kre much less soluble than the old Uhiqcha guanos. Farmers wwe. 
therefore, justified up to a certain point in attributing ao the old 
guanos, now exhausted, a characteristic ,8pccifio action, not only 
because these guanos contained 12 per cent of nitrogen againsf 7 per 
cent in the present products, but also heouuse the aininoniacal salts 
now present are insufficient Jo bring the phosphoric acid to a 
soluble condition in the soil. 

By now using 100 lb. of raw guano with 7 per cent of nitrogen 
and 14 per cent of phosphoric acid, the same results would he 
obtained as formerly with 68 Ih. of the old guano (contaiiflng 12 
per cent of nitrogen and 12 per cent of phosphoric acid), mixed 
with 20 lb. of 3G per cent phosphoric acid and horn; ash^ It> 
follows that the use of raw guano in these circumstances wflulu he 
sheer waste of phosphoric acid. Taking it for granted that all the 
phosphoric acid of the old guano was soluble in the soil (wBich is 
not absolutely demonstrated), it may he asserted with certainty that 
only the half of the,phosphoric acid in the guano of the present day 
i»s#luble. Now by dissolving the guano the farmer can utilize 
all the phosphoric acid present in the manure. Another advantage 
which dissolved guano has over raw guano, is that its nitrogen 
cannot be volatilized, therefore it cannot lose its nitrogen itjthe air. 
All the carbonate of aininonia is converted into sulphate, and if 
more could be formed it would at once he fixed by tlu' phosjihoric 
acid. , ' 

Finally, dissolved guano is more easily applied than raw guano; 
it contains neither lumps, which oblige tlie farmer to crush it, nor 
dry jKiwder, which, when spread in stormy weather, lost jtself in the 
neighbouring fields. Dissolved guano is in the form of a moisj hut 
not tacky powder. 

Other Kitrniienized (f'Hrtne.s-.- -.Amongst other nitrogenized 
guanos, mention must he made of Ichalioe guano (fchalxie is an 
island on the West Uoast of .Afi ica). This manure has been known 
for a long time, but was never of very great commercial im|)Ortance, 
because the first arrivalschntained only H per cent of nitrogen and 
20 per cent of phosphoric acid ; those which followed tested less and 
less. Ichaiioe ^ano approaches to son«! extent phosjiho guanos. 
Latterly new deposits of guano IRive been found on the island of 
Ichaboe, fojmed. by yea'-fowl, and not damaged by moisture. The 
percentage of nitrogfin in this guano, which contains feathert and 
the undecomposed carcases of birds, rises to 14-4 per went, and its 
p'hosphorio acid content to 17'6 per cent. • * ^ 

Other deposits of guano were discovered a long time ago ctfi 
different points of the African coast^ such as those of Algoa Bay, 
Saldanha, and those of Cape Colony. But these deposits, almost 
all exhausted by moisture, were not of great^importance. 
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“SeaJ &uano .—Seal guano has been found in several garts of 
tl)e West Coast of South ^merioa, in the Bay of Ferrol, in the- 
Lobos Isfea, and in the Isle of Tortuga. These localities are even 
now the habitat of seals, so that they are still in process of being 
formfed. In the Lobos* Isles, the guano forms a bed»70 metrea 
(230 feet) thick at many •points; it consists chiefly of the taroasea 
of animals, bones, fur, hair, etc., fcll slightly soluble substances. 
This guano contains much less nitrogen than true Peruvian guano; 
it is analogous to the guanos of the lower bed of the Chinchas de¬ 
posits above mentioned. 

BM Guano .—There was formerly on the market a guano of 
this kind, under the name of Sarde guano. Stockhardt found in 
, this product:— 

TABLE I,XXXVI.—ANALYSIS OF BAT GUANO. 

l‘6r cent. 

Nitrogen.t . 2-05 

Phosphate of lime. 35*30 n ei 

^ Alkaline Baits . 8-60 

It consists chiefly of bat excrements mingled with the dead 
bodies of these animals. Bat guano is found in grottoes and rock 
fissures, on the shores of the Mediterranean, in Brazil, Hungary, 
Prs,noe, and near Vesoul in Kgypt. The largest deposit found up to 
now is that of Kolumbaoz, on the Danube, which contains 4000 
tons of guano. 

Huntjc^rian Bat Guatw contains, according to Scheibler, 1’88 per 
cent of nitrogen and 11’64 per cent of insoluble phosphoric acid ; 
it is, therefore, of small value. The guano found in the neighbour¬ 
hood of Cracow is richer. It forms a brown mixture of excrements 
and bone debris. Analysed by Krocker, it gave ;— 

TABLE LXXXVII.-ANALYSIS OF HUNGARIAN BAT GUANO. 

Per csnf. 

Moisture . . . ,.7-50 

Combustible mitter.75-20 

Ash . ..'. .17-20 

1 . 

Its total nitrogen* content is 9'170 per cent, of which 3‘60 per 
cent is in the form ot ammoniacal salts, O'llS per cent as niteic 
nitrogen, and 5-452 as urea, and other organic substances. The 
ash consists in part of phosphate of lime, the phosphoric acid 
content being 3-825 per cent. 
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Egt^ptian Bat Guano contains, according to Popp:— 
TABLE LXXXVIII.—ANALYSIS'OF EGYPTIAN BAT 



Per cmt. 

Urea . 

Uric^cid 

analyst: 
»itro^fen 37 per cent 

Creatine. 

•t.ii'rA 1 (eolubh* phosphoric 
' * " • acid 7*18 pur cent). 

Phosphate of soda (monacid) 

. 13-450 

Insoluble 

0‘<'>7-5 

Moisture .... 

. 3‘0<)0 




This guano is hot only the richest in nitrogen ol all guanos fojjnd 
up to now, but moreover of all nitrogenized manures. , * 
Ebuli Bat Guano (province of Salerno) contains, according to 
Dr. G. Paris, 2'996 per cent nitrogen, chiefly nitric nitrogen. There 
is also found :— 


TABLE LXXIflX.—ANALYSIS (IF KBOLI 

PAT GVAaN’O. 


Per 

Moisture. 


Organic matter. 

• • r'T* 

Ash. 

.V»'H7 


iOOlK 


The ash contains 20-09 per cent of phosjthoric acid, of which 47'96 
per cent is soluble in citrate. All these deposits ai'c comjiaratively 
unimportant. • 

Co)1c/hsio?i.— Sixty yea|;a ago Peruvian guano com|ileft.‘ly 
dominated the manure market; no other artificial niainire could at 
this epoch meet thti wants of the farmer. Nitratt; of soda was at 
that time too high in price, the manufacture of sul]jhate of ammotiia 
tvas in its infancy, that of superphosphates was just commencing 
and could only maintain itself with a great struggle in jiresenoe of 
guano; the preparation of.ITone^nianurtjs, although well advanced 
at the time, was limited in its scojte hy tin; poverty of the rgw 
material. Uaider‘these conditions, Peru^an guano was the solo 
regulator of the price of^ nitrogen Und of phofjjthoric acid on tho 
international marliet. , . *. 

To-day flfe situatifin is not the same. The improvement in 
the condition of manufacture in the nitrate districts eflahles the 
coifcessionaires to flood the European markcls at prices g,wInch 
formerly would have been regarded as ridiculous. The production • 
of sulphate of ammonia in gasworks pursues an ever-incniasing 
progress. The exploration of the Pacific Ocean has led to the dis¬ 
covery of new islands of phosphatic guano, fjnormous deposits of 
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r.phssphates have been discovered. Finally, steel farnace% furnish 
the fam^r with large quantities of phosphoric acid in the form of 
basic slag.' The two or 3 per cent of potash supplied by Peruvian 
guapo is largely replaced by Stassfurt salts, Aschersleben salts, etc. 
This abundance of manure is very reassuring with regard to the 
future, and the near exhaustion of the phosphatic guanoS may be 
contemplated without apprehension. 

But it is not so with regard to nitrogen, which forms only a 
part of guano. For however important may be the resources of the 
farnqjjr from this point of view, and although he now utilizes human 
excreta only to a slight extent, nitrogenous manures are neverthe¬ 
less the dearest. The discovery by Hellriegel of plfints capable of 
firjn^ atmospheric nitrogen through the intervention of certain 
bacteria; now enables the farmer to economize in nitrogenous manure. 
Rupipler quotes the case of a rural farm which collects 40 tons of 
beets to the hectare (16 tons to the acre) with a very high percent¬ 
age of sugar, and using only a small amount of nitrate, by plough¬ 
ing in green manures [vetches or tares] and completing their action 
by a strong application of superphosphate. Green manuring com¬ 
pleted by a good dose of phosphoric acid, potash and lime, forms 
the manure of the future. It is likely to revolutionize all the 
present-day systems of farming, thus freeing the farmer from paying 
tribute for extraneous nitrogen. In any case it is likely to solve the 
problem arising from the exhaustion of guano. 

' Fish Chiano.—Historical Ueview. —The sea is an inexhaustible 
store of fertilizing matter. Independent of its own richness, it is 
incessantly receiving organic and mineral matter removed from the 
soil or detached from the mountains by rain and storms. More¬ 
over, it receives the human excreta which civilized towns run into 
the rivers. All these materials contribute to maintain the marvel¬ 
lous fertility of the sea. For many years the sardine fishing has 
been a highly important source of profit to the inhabitants of the 
Brittany coast, and has powerfully contributed to maintain a sailor’s 
nursery. As far back as 1620, in the single small village of Port 
Louis, 4000 barrels of sardines were packed annually. Up to 1823 
the only method of preserving sardines consisted in salting them 
and pressing them in barrels; they were thus put c n the market 
under the name of “ pressed sardines ”. This method of preserva¬ 
tion was replaced in 1824 by a new process known u,nderthe name 
ot Appert, its author. This process consists in removing the head 
and the Viscera from the sardines, and packing the cleaned fish in 
tinned iron boxes, in' which they are preserved in oil after haying 
undergone a preparation known to everybody nowadays. This 
new method produced' much waste of considerable fertilizing value. 
However, this debris was not at first utilized but was run into the 
sea, where it was entirely lost. It was not until 1847 that Oemedon 
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conoeived the idea of utilizing it as a manure. lie desired firtt o» 
to use It m the raw state, but as it \was received at a time whe'h 
the crops had been sown, he was obliged to store it for a time 
when It putrefied and became a pest to the iiMghbourhood. Dentolon 
1 pm *”.^1 a more etticacious and less annoying pro- 

^s hanng tried different means -he conceived thi ifeHt 

"ay.he succeeded in extracting the oil, then he 
In "hich kept as well as oil cakes. 

dlhHe^pft^f® Newfoundland to treat there the 

ff civ K ^Ti n ®°d:‘'fhmg. The plant of this factory consisted 
mh» ^?‘*®”*6 fish, sixty presses, two gmters and four mills 
The whole was driven by four small steam engines. The fist 
as It came to the factory ivas fed into a revolving horizontal steimi. 

e?^® S"*®**^ through the centre of this pan 

fieated the double jacket, and in ten minutes the fish was co^ed 
ihe door of the pan was then opened and the lish fell on to au 
inclined plane. The water and oil run into a reservoir, and the 
eolm parts were preseed, enclosed in srourliiis analogous to those 
usiw fcr the extraction of olive oil, The products were afterwards 
dried in a stove with a superficies of 900 metres (3000 .ft.).' 
finally, the oil was run into a sullicient number of vats. When 
the fish debris was boiled, pressed and grated, it was i)h«n>d on 
iranies lined with cloth which were jmshed through the stove, 
so that after half an hour the completely dried debris fell into a 
hopper and thence into mills in which it was pulverizad. 
Without boiling the fish it could never be dried completely 
or the oil extracted. By hoilinj^, the oil was extract(Kl, which 


sufliced to pay all the costo. This manure contained !) lair 
cent nitrogen and 49 per ceut phosjihate, and was sold at 30 fraacs 
the 100 kg. (12s. a cwt., £12 a ton). Ilut this new industry injured 
too many interests. Demolon and bis partner were circunivented 
by speeulatora, who, once masters of the factory, found nothing 
more urgent to do than to demolish it. llemolon's idea was not 
long in being taken up agai^ in Norway, where fish manure was 
made after the same process, then in America, csjieoially at Boston, 
and in Great Britajn, always accoiding to llemolon’s process. .lules 
Loreau & Cc# have built at Kernevel, neai' Ixirient, that is close to 
the sardine factories (sardines it rhuile), so numerous in these 
districts, a jprk8»wh«e they convert into manure all the detrifus 
coming from these factories. This debris, which consists largely 
of heads, cartilages and intestines, is receive^ at the factory on 
tables or slop^ floors which allow the brine dharged with Wood to 
drop into a pit, whence it is afterwards drawn off by a pump; there' 
is thus a liquid and a solid portion. The liquid portion, that is the 
brine, mixed with a certain quantity of oil wjpich is separated from 
it, is delivered to the local farmers, who utilize it to enrich their 
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•fanfiyard dung and especially for fertilizing meadows. A* propor¬ 
tion of t*n to fifteen barrels to the hectare (or four to six barrels to 
the acre) is sufficient to produce very good crops. This manure 
undergoes an ammoniacal fermentation in the pit and its action on 
vegetation is most energetic; it should therefore only "boused on 
moist ground, after rain, for example; on analysis it shows a pro¬ 
portion of 1'34 per cent of nitrogen. The fish debris after draining 
is lifted, made into a heap and boiled over a naked fire, when a 
little water is added and clear brine; the boiling lasts two hours 
for 4i>0 kg. (880 lb.) of sardine heads. After boiling, the material 
is piled in layers between two wrought-iron plates and submitted 
for five hours to the action of a press, from which it issues in the 
foV.'Hiof*^. cake. The 400 kg. (880 lb.) yield on an average 100 kg. 
(220 lb.)‘of cake with 25 per cent of water. This cake is air-dried 
andfthen pulverized in a flatstone mill, whence it issues ready to 
be delivered to the farmer. A pair of flatstone mills yield 1 to 
tons of ground cake in twelve hours, according as the weather 
is more or less dry. The average composition of this manure is the 
^following;— * 

TABLE XC.—ANALYSIS OF BRITTANY FISH GUANO. 


tj 


Volatile/^’'*®*'. ,. 

. » OrKaiuc matter .... 

“’“‘O' ^Nitrogen. 

. 50*501 
. 0'50/ 

5 00 

57-OO 

/•PhoKphate of lime .... 

. 28-00 A 


Ash . < Carbonate of lime and (alkaline) ealte 

. 5-50 } 

38-00 

^Silica. 

. 4-50'' 


t 


lOO'OO 


This fish manure, which is in great part delivered to the farmer 
without any further treatment, is also used at Kernevel in the 
manufacture of compound manures and in that of phospho guano. 
The chief compound manure, which is sold under the name of 
Breton Manure, is merely fish cake ,mixed with a sort of fucus 
(seaweed) collected at low water. ^ As to the phospho guano, it is 
manufactured by treating the crushed fish cake with sulphuric acid 
of 60° B. Next morning it forpis a paste w'hich subseijuently dries. 
It is advantageously used for different crops, particularly for beets. 
It contains on an average 2'5 of nitrogen. !(n Brittany the sardine 
industry commences at Croisic and ends at Douarnenez ; it jields 
about 6000 barrels of sardine heads; a barrel of 225 litres contains 
on an •average 30,000'heads. 

ManufcCcture of Fish Guano in Norway —At the present day 
fish guano is manufactured vhiefly in Newfoundland and on the 
islands of the Norwegian coasts. The most important factories of 
this manure are in the Lofoten Isles to the north of Bergen. JThe 
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fishing industrj-, which is very important in tlfe North Sea,*nd. 
the flesh of which is sold under the name of cod, yiehk a vepv 
abundant raw material; the head, the fins, the intestines; etc., being 
utilized. Norwegian fish guano somewhat jesembles steamed hone 
dust, alljjioflgh it does not occur in the same pulverulent form as 
the latter. The process usually emplovefl is the same as that for 
making hone dust. The fish debris is steamed, dried, and ground ; 
steaming presents certain difficulties. When the digester desorihed 
on page 269 is used, the material agglutinates so that the steam 
cannot pass through it; steaming is therefore too strong on the 
edges and the material is too much degelatinized, whilst the centre 
escapes steaming. To remedy this drawback, the firm of 
M. Friedrich of Plagwitz, near I^eipzig, has built a liorizoi^tat • 
digester, a perforated cylinder levolving inside an exterioj'cynnder. 
The material to be treated is fed into the interior cylinder; it is 
heated by steam which is injected into the extei-ior cylinder ;*then 
a rotary motion is imparted to the first, the effect of which is to 
turn the material OMer continuously and to renew the surfaces in 
cohtiffct with the steam. The gi>latinou3 solution is sei)arated 
through a tap at the Ixjttom of the apparatus, amt it is eva|) 0 |;aterk 
to transform it into solid gelatine. .After cooking, the material 
contains a rather large proiiortion of water, foe which remion the 
material is dehydrated before passing it to the drying machim*, hy 
passing it through either a hydraulic press or a ceiiti ifiigal mivchine.^ 

A greasy liquor is thus obtained which separates a little oiUon’ 
standing. The dry material is crushed in the same way as hones, 
For some years hack fish guano has been treated with suljjhuric 
acid. It contains on an average 7'9 i)er cent of nitrogeiwand 12 to 
16 per cent of phosphoria acid. The following are amvlysej of 
several Norwegian guanos :— 


T.aiiLF, XCI.—ANALY8KS OF NOUWEGfAN FISH GI A.NO. 



IVr 

iVr i.'fiit. 

' • 

JVr Ffifl. 

I’tr cpiil. 

IVr cent. 

Water # 

V2'M) 

10-4I 

• 18-02 

10-54 

8-05 

Organic matter . 

58-70 

7(^80 

4!l-40 

50-02 

60-15 

Nitrogen . . ^ 

•8-15 

H15 

lO-.H)# 

0-80 

HOI 

Calcium ph«fphate 

. 5 30-.50 

4()1 

80-20 

84-44 

25-^4 


« ^ 

As a matter of fact, fish guano has nothing itf common but t|)e name 
with the different guanos which have been described ii>thi8 treatise, 
for it contains nitrogen in a different ^orm hnd less assimilable than 
in guanos properly so called. 

,In the salmon-packing industry of Noi^Ji America, carried on 
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m the districts around the Columbia River and Puget Scftind, as 
Well as S»uth-East and West Alaska, a very large amount of fish 
waste is produced, amounting in 1913 to 140,000 tons, valued at 
abou/i £438,000, 120,000' tons being produced in the United States 
and 20,000 tons in British Columbia. The waste constftutss from 
25 to 60 per cent of the original fisjji and in its fresh state contains: 
Water 64'6, nitrogen 3'02, phosphoric acid 1'69, and oil 10'43 
per cent, or in the dry condition ; Nitrogen 8'65, phosphoric acid 
4-44, and oil 28'74 per cent. During recent years this waste has 
been treated for the removal of the oil and the residue has been 
sold for cattle feeding or for manurial purposes. The method of 
treatment adopted is that of steaming the material in upright 
' oylia<Jer», and pressing the hot material in hydraulic presses, when 
hard cakis are formed which are steam-dried. From five working 
planje the output in 1913 was 286,000 gals, of oil and 1630 tons, 
of dried scrap. The latter had the following composition; Water 


4-5, nitrogen Vl-Oj, phosphoric acid SJ-lfi, and oil 8-20 per cent. 
It is suggested that in the off-season thesd works mighty also 
profitably treat the seaweeds which grow so abundantly on She 
Pacific coasts and that a blend of the two would form a very 


valuable compound manure.^ 

Whlile Cr«a)! 0 .-t-Guano is also prepared from whale debris ; 
this'product is similar to the preceding. Whale flesh contains in 
•the fresh state about 5 per cent of nitrogen, and in the dry fat- 
extracted state about 14 per cent. The bones of the whale contain 
3J per cent of nitrogen and 23 per cent of phosphoric acid. 

Crab Gtiano approaches fish guano. It is prepared from a 


species of sea-crab or lobster, of which there is enormous con¬ 
sumption on the coast of the North Sea. They are steamed, the 
substance pressed, then it is roasted on plates, and finally i-eduoed 
to fine powder by grinding like fish guano. It is in the form of a 
bright yellow powder mixed with fragments of shells, and contains 
on an average 8 per cent of nitrogen and 3 per cent of phosphoric 
acid. There is also a manufactory (Of crab guano at Oporto, 
Portugal. 

•In other fishing indijstries large quantities of offals are alsO' 
produced which in many oases are dried and sold as fish scrap 
for feeding purpose! or the oil is extracttd and the residue oon- 
vertpd into manure. In the Menhaden fisPing‘industry, for in¬ 
stance, which is followed along the Atlantic coast of the United 
States, in the neighbourhood of New Jersey, the fish, which are 
about the size of a herring, are first steamed and then pressed for 
the removal’of the oil. ,From the press the residue falls on to a 


* J, W. Turrentine, “ V.S. Deot. of Asric.. Bureau of Soilp.” Bull. No 150* 
JaQ.« 1915. 
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conveyer which delivers it into the drying roofti. The not^ir. 
drier for drying the fish scrap is almosUuniversally employed. It 
consists of an iron cylinder about fi ft. diameter and 30 to 40 ft. 
long, lagged on the outside with a non-conducting coating. It is 
provided.wfth a series of iron flanges or bafiles running the wfiole 
length of the cylinder, which are for thd purpose of lifting the 
scrap and dropping it through thS hot air. The cylinder is rotated 
on a central axis by means of an electric motor, while a current of 
hot air is driven through by means of a fan. The wet fish scrap 
is charged in at one end of the cylinder and falls out at the other 
in a dry condition; it delivers into a brick chamber aitd is 
conveyed by etevators to the bagging room. The transit of the 
material through the drier occupies from 3 to 20 minutes, 1)^' whuih 
time the moisture is reduced to 7 per cent. The material from the 
cookers contains 22 per cent of dry matter and 7H per cent of 
water. In the press 50 per cent of oil and water are remAed, 
leaving 44 per cent of residue containing 22 of <lry residue and 22 
of water. • 

•rfle dried fish scrap is well known under the name of fish 
guano, the following being some analyses by Macadam of these* 
products':— 



1 


Fish (iiiaiioN, 

t 



Raw Fi^h 



• 


Offal. ! 

Aiu'hovy. 

Herring. 

1 (’od. 

i 

Moisture . . . . i 

•50-5H 


• 

0-14 


Oil. 

15-51 i 

— 

_ i 

— 

Nitrogenous organic matter ‘ 

lH-54 j 

OiMK 

70-18 

57-OH 

Alkaline salts . . . , 

10*'J3 1 

4 -r) 1 

1 -50 

2*12 

Phosphates 

, H*84 ; 

14‘82 

7-512 

20-17 

Carbonate of lime . . ! 

0-4K i 

8-28 

8-OH 

j 0-85 

Silica 

* 0-12 ! 

802 

10-52 

' 1-44 


1 lOO-OO 

100-00 

100-00 

: loo-jo 

* Containifig nitrogen 
= to ammonia . 

1 

8-81 • 

# 

802 

10-42 

• 

1 lo-l.s' 


The most important constituents of the fish guaaos are the 
nitrogen and phosphoric acid, but potash andiime are also present. 
They are, however, very variable in composition as jnay he seen 
from the fact that in nineteen samples the nitrogen varied from 

* IvisoD Macadam, “ Jour. Hoc. Chen). Iittlt.," IHftH, p. 88. 
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1 toll per cent, the phosphates from nearly 8 to 34 per dfent and 
the potaf^ from 2 to 4 per*cent. Naturally their monetary value 
is equally Variable. The nitrogenous matters, for the most part, 
shov^ considerable resistance to decomposition so that the fertilizer 
is one which, although slow in its action, will persist*for a con¬ 
siderable period. It is, however, jomewhat injurious to seeds and 
young plants in the first period of active fermentation.* 

To appreciate the fertilizing value of the manures just described, 
it must be borne in mind that the greater part of their nitrogen 
exists^not under the form of readily decomposable gelatine, but as 
a horny substance (ohitin), which, moreover, always retains a certain 
amount of fat. These manures therefore act sloVly, after the 
• ma#iyr <'f raw bone dust; if spread in autumn they decompose 
sufficiently in the winter to become active in the spring, supposing 
always that they have not been buried too deeply. Meat meal and 
fish meal dissolved by sulphuric acid with equal nitrogen and 
phosphoric acid content are of the same value and produce the 
same effect as bone superphosphate ; it is theleforo more ra^iogal 
to use these manures in their soluble condition. The consumption 
Of Ijsh guano assumes every year a new extension. The best 
qualities are used to feed cattle and chickens, while the ordinary 
sorts a».3 used as manure. The price in the market per 100 kilos 
(2 cwt.) was the following at the end of December, 1907 :— 

K 

Norwegian liah guano, H x 12 per cent = 22*80 to 23*10 francs. 

Britiah ,, ,, R x 0 „ s= 21 *55 to 20*85 ,, 

„ .. M 7 X 11 „ = 17*80 to 18 

< 

.It is necessary to mention that theife are still a large number of 
nitrogenous wastes, derived from substances of animal or vegetable 
origin when they are damaged and otherwise unutilizable which 
may be used for the manufacture of manure ; but as these substances 
rarely occur on the market in sufficient quantity, it will suffice to 
indicate them by giving their content ofiphosphoric acid and potash. 


' " Joiir. Hiard of Agrio.,” 1914, p. 688. 
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TABW) XCII.—SHOWING THE COMPOSITION ot NITROGENOBS 

manures.'. 


1 The substsiices contain 

Nitrogfii. 

Phosphoric 

I'otasli. 

Nitroguf iti 

! ArlOOlb. 

! 

i 

Ill 

» 

acid, 

11>. « 

11'. 

drv substance, 
lb. ' 

[Nitrate of soda 

15-3-10-0 

_ 



i ,, „ potash . 

lS-6-13-7 

_ 

4r)-l-40-0 

1 

„ ,, soda and of 

1 potash 



undetermined 


iSal ammoniac 

l!l-0-20-9 

_ 

_ 

_ ' 

, Dried blood . * . 

14-0-15-0 

_ 

_ 


iMeat meal 

14'5 al>out 

_ 

_ 


Hoof and horn dust 

18-10 


_ 


!Wool rags 

variable 

_ 

__ 

■ 

Leather shavings disin- 
I tegrated 





(Bullocks’ hair 

18-7H 

_ 

— 

— : 

Cheese . . . • . 

'C(flo^ine 

4-.)8 

H-8'.l 

M-V 

0-25 

8-42 

Silkworm littei 5th and 
j 0th period . 

8-2H 

0-15 

• 

0-0^ 

j Beetles .... 

8-22 

0-40-7 

— 

10-000 

White worms . 

7-112 

— 

•_ 

f-S)2 

'Greaves in cakes in mar- 
> ketable condition 

11 •s7 



12-515 ' 

'Fish waste 

5-7 

2-8 

_ * 

7-0 . r 

[Nitrate of soda, pure 

10-47 

— 


■ i 

) ,, ,, potash, pure . 

'Sulpliateof ammonia, pure 
;.\mmonium chloride, pure 

18-80 


40-58 


21-21 

— 

— 

1 

20-17 

— 

— 

• ' 


* The nitrogen in several oi incse mirogenous manureH i« inore man 
usually high, almost double that of ordinar} commercial Kamples, e.g. meat meal, 
greaves, etc. No table like this is a guiile to the coinjKiHition of any given 
sample on the market, the real value of which actual analysis can alone decide. 
—Ta. 
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POTASSIC MANURES. 

Preliminary Bemarks .—The ash of plants consists partly of carbonate 
•of the caustic and deterf'ent properties of which were 

bound to attract attention from the very beginning of civilization. 
And M a matter of fact the ancients knew this substance and em¬ 
ployed it in domestic economy as well as in industry. Aristotle 
described the manner of extracting potash from the ash of plants as 
practised in his day, the process being still in use'in certain countries. 
It consists in submitting the^ish to a series of washings with ^tA-, 
d>noqntrating the lye by evaporation, and in calcining the residual 
salt. As plants leave only a small amount of ash, and as this does 
not wholly consist of carbonate of potash, it is clear that the yield 
of potash cannot be very great. The plants the most rich in potash 
%re the following;— 


TABLE XCIII.—POTAKH CONTENT OF VARIOUS PLANTS. 


ill 1000 parU. 

€ 


Pota-sli in 1000 parts. 


Pine. 

0-45 

Fern. 

6-26 

Poplar. 

0-75 

lieeds .... 

7-22 

Beech. 

1*45 

Maize stalks 

17-50 : 

Oak. 

1‘5H 

Sunflower stalks 

20-00 1 

Willow. 

2*85 

Chrysanthemum 

26-00 

Alder . 

s-uo 

.Nettle .... 

26-03 : 

Wheat straw .... 

3-00 

Vetches (tares) stp-lks 

27-50 1 

Thistles . . . . 1 . 

5 00 

Absinth stems . . i . 

73-00 1 

Vine. 

5;H 

Fumitory .... 

79-00 i 

Barley straw . t . 

5-80 

t 


^ ‘ 


1 ^ 

__) 


In this category some plants will be remarked as very rich in potash, 
such as^fumitory and Absinth. Several attempts have been made, 
Mpecially about the year 1850, to cultivate them to extract the 
potash. Thus, in Sardinia, a plant was cultivated called in common 
language glacialo (Mesembryanthemum cristallineum) for the pur¬ 
pose of cbtaining potasti by burning it. The analysis of the ash^ol 

(314) . ■ • 
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this plant, cultivated in le Nord, showed it to cftntain 30 percent 
of ^rbonate of potash and 6 per cent* of carbonate of ^la, and 
Mdium chloride. To appreciate the economic bearing df this ides, 
it will suffice to recall that plants can only draw potash fron) the 
soil, an^tHht by growing plants which need much potash too often 
on the same ground it would soon hecoifte exhausted and sterile, 

■ unless the amount of potash extracted by the plants were restored. 
But then that would be proceeding in a vicious circle : furnishing 
potash to the soil, as say potassium chloride, only to convert it into 
carbonate of potash in th'fe plant which must he extracted by burn¬ 
ing. It is unnecessary to dwell further on the subject. ' * 

Until comparatively recently plants were the sole sour ce fr om 
which potash could be obtained, and as the indtistrial consnujpUon • 
of this product was formerly much greater than to-day ^tliey did 
not then know that soda could replace potash in nrost of its a|)nlica- 
tions), the supply was always insuflicieirt to nrcet the warns of 
industry. 

About the end of the eighteenth century the irrverrtiorr of IjC- 
blsfntS^vhich consisted in extractirrg soda fronr conrmorr salt (chlor ide 
of sodium), came to deliver the farmer fr'onr the incalculaltlc tr^rurtf 
which ho was obliged to jtay anrrually to indrrstry urrdcr the form of 
potash. Some industries, however, especially'glass rnamifacture, 
continue to use potash owirrg to the impossibility of their rephrting 
it entii-ely by soda. Attempts wer e suhscfprcrrtly m»(le to r-cduce, 
the potash which occurs in abundance irr a great mrtnber of in¬ 
soluble and difficultly soluble mitterals such as granite, por phyry, 
potash-felspar with iG -6 per ceirt of potash. But soon the discovery 
and the exploitation of the enormous deposits of potash salts of 
Stassfurt rendered these ewertions useless. Bor some little tjme 
potash, or better carbonate of potash (for- the word potash is no 
longer used except to denote the impure jrr oduct), has brrerr ttrade 
in considerable quantities by the Lehlanc ]rr ocess. The raw material 
used being the kainit, or hard salt (p. 318), supplied by the Stassfurt 
mines. t 

Stassfurt Salts.-r^n the Stassfurt mines very soluble potash 
salts occur in sufficient quantity to meet the wants of industrji for 
an indefinite period. Far from Jiavin|f recourse, henceforth, to 
the farmer for potash, industry is enabled t# restore to him the 
enor^ious ^antifles 5 'hioh had been renooved from the soil in the 
course of centuries. Encouraged by the geognostic conditions oT the 
Stassfurt region, the first boring was begun 09 April 3,1839. in the 
hope of finding new deposits of common bait, the production of 
which was insufficient in the district. In the month of .Tune, 1843* 
portions of the salt were brought to the surface, and In 1851,a bed 
of salt 325 metres thick had been passe 4 without reaching the 
bottom. The borehole was then 581 metres deep. The brine 
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extracted from the' borehole in 1843 had a density of 1’205, and the 
deeper tiyj bed was penetrated the more the density increased. The 
analysis of the product gave the following results:— 

IaBLE XCIV.-ANALYSIS of first borehole SAM’-’LE of 
STASS’FURT POTASH SALTS. 


Magnesium sulphate 
,, choride 
Potessium ,, 
Common salt 


Per cent. 
401 
19-43 
2-24 
5-f)2 


The l8w percentage of common salt in this product caused a deep 
dejection which seemed likely to put an end to the operations. But 
as fa'r back as 1848 Prof. Marchand of Leipsio asserted that the 
bed of salt ought to be pure and that the magnesium salts must 
come from the upper beds of the deposits. The first pit (Von der 
Heydt) was commenced on December 4, 1851, and the second 
(Von Manteuffel) on January 31,1852. In 1856 an exploitable bed 
was Reached at 333 metres (1092 feet) depth. 

In ,1858 the government of the Duchy of Anhalt likewise 
oaUEed two pits to be excavated for the working of salt, a very 
pure bed of rock salt being found 300 metres (984 feet) in thickness. 
"But after a few years it was seen that the bed of rock salt was far 
from representing the chief value of the mine. It was observed in 
fact that the saline beds which covered the common salt, and from 
which the magnesium salts came which had been found in the 
depths of the bed, formed enormous deposits, and contained an im¬ 
portant proportion of potassium chloride. This product, which w’as 
not at first utilized, was destined to become a source of gieat value 
to agriculture. In 1854 a deposit of potash salts consisting of pure 
potassic chloride mixed with a little common salt was also dis¬ 
covered at Kaluse in Galicia. In 1869 a factory was built for its 
exploitation, but after a few years worfing the crude salts brought 
to tjie surface contained only 1 per cent of potassium chloride. At 
the present time a deposit of kainit (see under this heaCing), which 
is much more extensive than that of Stassfurt, is being extracted. 
In 1870 boring operations were conducted by Baron Douglas at 
about 3 km. (2 miles) from Stassfurt, which resulted in thA dis¬ 
covery of new deposits of potash salts, the working of which w;jis 
soon begun. Carmtiiie, extracted from the mine and treated in 
the factory constructed at the working pit, is distinguished by its 
great purity. The entei prise .was soon taken up by a limited liabil¬ 
ity coilipany (Alkaliwerke Westerregeln), which continues to work 
it on a vast scale. Ap&ther exploitation of potash salts is that of 
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New Stassfurt. It is interesting on account of Ihc kainit whiolt itj 
supplies to the farmer. At Stassfurt itself the pit Ludwig 11, .which 
had been abandoned for a long time, has been reopene<l*for the ex¬ 
traction of carnallite. There are still fouiyl a little further away 
from Stassturt the factories of Ascherslelten at Bienenl)urg of 
Thiederhall in Brunswick, the Solvay fafttories at Bernhurg, and 
the Wilhelmshall pit near AuBerbeck in the neighbourhood of 
Halberstadt. It would be futile to study here in detail the potash 
salt deposits of Stassfurt and elsewhere. The reader desirous of 
more ample information "is referred to the special treatises on the 
subject. But as a knowledge of the manufacturing niethods*ahout 
to be describad presupposes a knowledge of the minerals which 
enter into the composition of crude potash salts, it is deem^'il^us^ful • 
to describe‘them briefly. . 

Crude Potash Salts .— 1. Carnallite. forms the chief ingredient 
of crude potash salts. In the pure state it is as clear as ci^'stal, 
often iridescent; generally, however, it is coloured red or leddish- 
brown by scales ofc crystallized oxide of iron. Its fraclurt' is 
coticHftidal, density 1'65. It is rarely found in distinct crystals in 
nature. Carnallite crystallizes in the rhond)ic system. The ajjgle* 
of the bases are 130° and 00°. The crystals of secondary formation 
met with in mines rarely have, a tablet form. They are na^r^ often 
octahedral. Sometimes great masses of carnallite crystals* are 
found so compressed by pressure that their surfaces ajtyear concave ; 
the crystalline form is, however, (juite distinct. 1‘ure oaniallito has 
the formula KOI MgClj 4- OlI.jO, and contains:— 

T.4BLE XCV.—.yNAOYSIS OE CAUNAI.MTK. 

J‘e.r cent. 

rotH.s6tum chloride .*.• 

Magnesium ,, ..’i4-.'>0 

Water.SH-74 


lori-oc 

100 parts of water at 18'75° 11. of (00-75 ’ F.) dissolve 04'0 parts of the 
salt. ' • 

2. Sylrine or-Sijlrinite. is a •uitural product resulting fronethe 
decomposition of carnallite, and csnsists'mostly of pun: potassium 
chloride. Freed from the common salt with*which it is mixed, it 
•has tire coaipositibn itpresented by the formula KCI, and conjains 
in the pure state, 

' TABLE XCVI.—AXALYSIH OE HYLVBsTrE (PURE). 

Per^nl 

52'42 


Chlorine 
Potassium . 


)0 
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It'ij often colourless, rarely reddish or brown, brilliant like glass, 
‘lyith slightly vitreous reflection, altogether resembling rook salt, 
crystallising like the latter in regular cubes with an octahedral 
surface. Its fracture is angular, its density is 3'025. The potash 
salt found at Kalusz consists chiefly of sylvine; it is coloured blue, 
which generadly only ooeurs with rock salt; according t(i certain 
authors, however, this coloration ir due to admixture with blue rook 
salt. Sylvine as it comes from the mine has the following com¬ 
position, according to Meroker :— 

TABLV XCVII.—ANALYSIS OF SYLVINE AS IT COMES FROM THE 


MINE. 

Per cent. 

VotaHHium chloride .... 

30-.65 

Si^dium „ .... 

46-05 

Magnesium ,, .... 

l^otasBium sulpliate .... 

2-54 

6-97 

Magnesium „ .... 

4-80 

Gypsum. 

1-80 

Water and insoluble .... 

. " . 7-29 

100-00 


Its potash content js 23 04. 

3 . kainil is met with in large quantities, chiefly in the 
Leopoldshall mine and at New Stassfurt. A deposit of more than 
•flfl^metres (85 feet) thick has been found at Kalusz of almost pure 
kainit. It is colourless, or yellow to reddish or even a very dark 
brown. It is very hard in comparison with the other minerals 
mentioned in this chapter. Its density is 2'131. Its fracture has 
a crystalline lustre; it rarely gives true crystals. It contains, 
aocbrding to Reichardt:— 


TABLE XCVIII.—SHOWING ANALYSIS OF KAINIT. (REICHARDT.) 


Potash. 

17-37 

Soda. 

6-90 

Magnesia .... 

14-76 

Sulghurio acid ( 8 O 3 ) 

30-00 

Chlorine . . 

. 18-56 

Insoluble .... 

0 - 22 ' 

Le 8 s''oxyg 6 n equivalent to the 

86-81 

chlorine H . 

4-18 


82-63 

Water 

17-87 


a 

or 

Sulphate of pota,eh S2T2\ >,.40 
„ „ magnesia < 22-87 / ^ 

Magnesium chloride . . 16-95 

Water ',.... 17-87 
A. fCcnnnoK salt-« 9-90 

As impurittee|j^^^,^y^ . 0-22 


100-00 
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Pure kainit responds to the formula— 

KjSO^ + MgSO, + MgCU + HjO 

Kainit is, therefore, a double sulphate of potassium and magnesium 
combined »rith magnesium chloride. It forms a peculiar comiAund, 
which no one has yet succeeded in reproducing artilioially like 
sylvine and carnallite. Its mcslo of formation is thus uncertain ; 
it is supposed, however, that it results from the action of water on 
a mixture of carnallite and kieserite found in the salt deposit. 
Kainit, as it is extraated in considemhle quantities from the 
Leopoldshall, New Stassfurt and Kalusz mines, is freed as nftioh as 
possible from,common salt intercalated with it, then it is reduced 
to fine granules in a salt mill. It is put on the market js er<^und. 
kainit, and contains on an average 65 to 75 per cent o( pure 
kainit or 23 per cent of sulphate of ])otash (equal to 12'4 per cent 
of potash). The impurities consist chiefly of common, sait and 
clay. Formerly, kainit was calcined and ground. This process 
has been ahandonqjl in the Stassfurt factories. As it readily cakes 
and^ then very difficult to break up, it has been mixed, on the 
advice of Fleischer, with 2 5 per cent of peat powder, which 
prevents this drawback. The same treatment is recommended 
for other potash salts when they are sold for manure. ^ 

4. Sclioenite is the double &uli)hate of potassium and nmgnosium 

and responds to the formula K.SO, + -MgHO, + (IILO, Its forma¬ 
tion, at the expense of the kainit by elimination of the chloridt! of 
magnesium, would therefoie Iks very ))lausihle; its existence as a 
mineral is not established ivith certainty . .Artilicial schtx'uite will 
be described later. , 

5. Po/)//irt/(7r.—Is fouqjl in veins 26 to 33 metres thick in 
the deposits of rock salt. It is mostly amorphous, rarely crystalline, 
of a grey colour and conchoidal fracture. Density 2 72. 


TAliLK XCIX.—ANAIA'SIS OF 

POLYHALITK. 

/Vr cfni. 

Potassium sulphate* . ^ . 

27'IH) 

Magnesium „ .... 

iti-7n 

Cali^um * . . . 0 

42»i4 

Water „ . • . 

r,-75 

Common salt and^mpurities 

. » . 3*4» 

« 

rt responds therefore to the formula— 

i)2-54 


KjSO* -I- MgSO, + 2CaSO^ -l- 2H,p 

"When treated with water it is the potassium salt which mostA-eadily 
Aissolves, whilst the magnesium sulphate dnd the calcium sulphate 






320 


CHEMICAL MANUBES 


e 

ren^fiin in great part undissolved. Before being discovered in the 
^assfurt mines polyhalite had been already met with in different 
places af Ischl, Hallein, Berchtesgaben, etc., partly as rhombie 
crystals or fibres or minute crystalline rods. 

9. Krugite has a ctemical composition similar t^ polyhalite.. 
It responds to the formula— ' ' 

KjSO, + MgSO, + ICaSO^ + 2H2O 


TABLE C.—ANALYSIS OF KRUGITE. 


Potassium sulphate 
Magnesium ,, 

Calcium „ 

^ater 

Common salt 




(MEECKEB.) 

Per cent. 
18-60 
»14-70 
61-00 
4-20 
1-50 


* ' 100-00 


Density 2-801. 

It now remains to describe the processes used to extrael from 
/hese minerals the whole series of products supplied to agriculture 
as {fOtassic manures. 

Manufacture of Potassium Chloride [muriate of potash].—The 
crude salt treated consists of a mixture of all the salts described 
above. However, carnallite predominates; forming 50 to 60 per 
ceptof the chide salt, equal to a potassium chloride content of 13 to- 
17 per cent. The processes now used in the treatment of the crude 
salt in the manufacture of purer potash salts (potassium chloride) are 
based essentially on the property of carnallite to decompose in 
presence of water into potassium chloride and magnesium chloride 
it i^' therefore dissolved and potassium chloride separated from the 
solution by crystallization. The process is in itself very simple ; 
what complicates it is the presence of quite a series of foreign salts 
accompanying the carnallite, the most important of which are rock salt 
[NaCl], in the proportion of 20 to 25 per cent, and kieserite [MgSO^ 
+ H.^O], which forms 15 to 20 per ceLt of the crude salt. Other- 
minerals, such as kainit, polyhalite, tachydrite, CaClj + 2 MgC 1.2 -i- 
I 2 H 2 O, etc., are rarely met with in large proportion but when 
present they are very troublesome in the process. 

Crushiiuj the Cruue Salts.—As the mines .deliyer the crude salt- 
in big lumps (in the beginning they delivered them gfound), they 
must be ctrjshed before being treated. Formerly the lumps were 
crushed by blows from a mallet with a long handle, but now all 
the faotbries.have laid down mechanical crushers for the purpose; 
the machine most used i", the jaw-bi-eaker crusher already described. 

Dissolving the Crude Salts. —The crushed salt is fed into a pan, 
in which it is dissolved. The crushed salt falls from the mill into 
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the receiver of a cup elevator, which delivei's itMiiectlv into the 
di^lving pans or into a wrought-iroe shoot. The elevatpr i» 
driven by a shaft on which is mounted the belt pulley. • The dis- 
^Ivmg pan is of riveted wrought-iron of a <;vlindrical form ending 
m a MnicaUbottom. At the lieginning of the cone is a ix'iforated 
false Iwttom intended to retain the residues from tlu* salt these 
r^idues being rim out through a iftanhole. The solution is drawn 
off by a tap, the pan is steam heated. In the early days the 
Stassfurt and Leopoldshall factories proct'cded in an appreciably 
uniform manner, hut lauAj,- thev have adopted dilTerent methotls 
more conformable to the interests of each factory. The dfdest 
method, still much employed, is the following: The dissolving pan 
is first partly chargatd with water, mother li(|Uor. which is ter^iul y, 
with residuaf solution I (see further on) and with clarilied solution 
III (see further on), .\fter having hronght this mixture to the boil, 
by direct injection of steam, the crude salt is fed into the iWeviflori 
whilst continuing to Ixril without ititerruption : the carnallite soon' 
dissolves and therefore the density of the solution increases gradu¬ 
ally ; ti» escaping steam, by a snitahli' arrangenu'nt, sets the li(|uid 
in motion and mixes its diliermit comjionents. When the density 
of the Ihjuid, taken on a boiling sample, reaches 32' to 33 li., the 
elevator is stojiped, the steam turned otf and tint solution riyi out; 
the residue remaining in the pan contains a laigi' ])roportion*of 
kieserite, common salt, and about 2 to •! per cent of yotash salts. 
In a great number of factories this r(‘sidne is again taken up and 
boiled with a little water; the solution thus obtained (1) consists, 
therefore, chiefly of common salt with a little magnesium chloride 
and magnesium sulphate. Its )iotassinm content varies tl'om 3 to 
7 calculated as potassium chipride ; it is used solely to ilissolve friysh 
.juantities of crude salt. The [uoportions of the (lifferent solutions 
as well as the densities vary with the factory. The n-sidnes arc 
thus more or less abundant and retain more or less sails. The 
best results are obtained by prejiaring solutions of 32' H., with 
lower densities they retain i^large amount of common salt; when, 
on the contrary, their density is higher, they retain less common 
salt and more potassium chloride. 

Clarilicatmn. —tlrudi, solution as it annies from the jian is 
contaminated with impurhies; it is*thereforc ryn into clarification 
basins, where it remain* for about lorty-liv<;minutes. These basins 
are rectangufar, of rivefed wrought-iron, fitted with two apertufts, 
from one of x^hich the clarified solution is run off, and’from the 
other the sludge. To prevent the clarified scjlution carrjw the 
sludge with it, different arrangementsJiave been miulc to retain it. 
After the clarified solution has lieen tun cAT, it is Icil through a 
wrought-iron gutter into underground ciwstallizers. As the sohnion 
cools in flowing through the gutters, it deposits a certain amount of 
21 
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• saH containing 45 to 50 per cent of potassium chloride. This gutter 
tolt is ipost generally used in manure manufacture, being generally 
treated afong with potassium chloride of a higher strength. 

^Crystallization .—The crystallizers in which the solution cools 
and forms crystals of potassium chloride are of rivesie^ wrought- 
iron like the clarificatSon hasins; they vary in size and shape, 
sometimes flat because the solution cools more quickly therein, 
sometimes deep because they occupy less space and yield larger 
crystals. When the solution is cold, which takes two to four days, 
the pother liquor II is decanted from the crystals of potassium 
chloride; it is run off by the gutters fixed under the crystallizers 
into wrought-iron basins or into masonry ones lined with cement. 
It isrusvid either to dissolve the crude salt or treated directly, as will 
be described further on. The potassium salt which is”deposited in 
the, crystallizers consists of a mixture of potassium chloride and 
common salt, but contaminated by adhering mother liquor. It 
crystallizes in the same form as sylvine, wnth this difference that 
the crystals are not always perfect; their size depends chiefly on 
the density of the solution of crude salt from which it separates. 
When that has a density of 32° to 33° B., or a still weaker density, 
crystals, often one centimetre wide, with a pearly lustre, are ob¬ 
tained; When th« solution is more dense, say about 33° to 35° B., 
it terms soft crystalline needles. It is clear that the size of these 
crystals must considerably affect the purity of the potassium 
chloride, as attenuated crystals must retain more mother liquor 
than large ones, and that consequently the former contain more 
magnesium chloride. The impure, fine, granular salt often contains 
only 60 per cent of potassium chloride, whilst the salt in large 
oiy'stals yields on analysis:— i 

TABLE CL—ANALYHIS OF CUYSTALS FUOM POTASH SALT 
CRYSTALIilZEltS. 


Per cent. 

Insoluble. 0 0876 

Magnesium sulphate . . ..1'2468 

,, ohloride.^ . 6'9072 

Potassium chloride.68*1^04 

Common salt . . 23*5560 


.,99*9480 

It may be remarked in passing that the salt that is deposited^ on 
the sides of the crystallizers is always more pure than that de- 
< posited at the bottom. To o|>tain high strength products, a portion 
of each of the two kinds may be taken, especially for continuing the 
treaWent. 

Clarif ying .—As potassium chloride of 60 to 70 per cent strength 
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18 hardly mMketable, it is necessary to submit it to a further treat -, 
msiny—clarification. For this purpose at is run into vats t€»-me<i 
clarifying vats, fitted with a double Wtom covered by clotn or with 
a network of osiers. It is covered with water, so that the waty: is 
2 to 3 centimetres above that of the salt, and left in contact 5 to 6 
hours; then the clarified solution III is run'off througlf a bung-hole 
in the bottom of the vat. This liquid runs into a special basin, 
from which it is removed to the dissolving pans by means of a 
pump. The liquid from the above clarification of 30° 13. contains:_ 

N 

TABLE CIL—ANALYSIS OK MOTHER LIQroU FROM CLARIFICaItON 
OF POTASH SALTS. 

Water *. 

Magnesium sulphate 
,. ehloride 
Potassium ,, 

Common salt . 

lOO-OOO 

If the potassium chloride be not sufficiently enriched by a siifgle 
clarification, this opeiation is repeated once or Ijvice until t^e salt 
contains at least 80 per cent of dry potassium chloride. Tlie 
above clarifying liquor constitutes a saturated solution, ^'ow a solu¬ 
tion of this nature contains at 1.3’ ( 1 . 2.3 per cent KCl when it is 
prepared from pure potassium chloride, 27 per cent Nadi when 
it is made from common salt If these ligures he compared with 
those of the above analysis, it will Im seen that the mi^nesium 
chloride interferes with the splution of both the potassium chlorj^c 
and with the common salt. Now as the object of clarification is 
precisely to eliminate this lattei', it follows that a potassium salt 
with low magnesium chloride content, consequently large-grained, 
will be more easy to purify in this way than a salt with high 
magnesium chloride conten^ fine-grained crystals. But clarifica¬ 
tion is a costly operation becausejts object is to redissolve a portion 
of the finished sa^t, therefore to W'ork economically the origiiqil 
' crystallizatioif must he done in such a way as to clarify as little as 
possible, that is to say, tomroduce large-gi-aine(^ cirstals as far as 
possible. Starting Irons the salt analysed utiove (Table Cl) an 80 
per cedt product woultf be obtained by a single clarification, whilst 
a fipe-grained ’salt often requires two, sometimes three,* clarifica¬ 
tions to get a product of the same strengths It is clear t^at by 
this operation products containing OJ per cent or evenamore may 
be obtained. . • 

Treatment of the Mother Liquor from the Potassium Chlorute .— 
The mother liquor not used for dissolving is conqpntrated by evapora- 


1‘659 
11’730 
rrm 
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tidn, for it still cSntains an important amount of potassium chloride. 
Tit has % density of about 32° B., and contains:— 

i:^BLE cm.— ANALYSIS OF MOTHER LIQUOR FROM POTASSIUM 


• • 

CHLOKIDE. 

i) 

« 

Per cent. 

Magnesium sulphate 


. 2-3 to 2-6 

,, chloride 


. 19 S to 20-9 

rotassium ,, 


. 51 to 6 

Common salt . 

c 


2 to 3 


In the evaporation the greater part of the common salt separates out, 
because it is less soluble when hot than when cold, St the same time 
a% tlee^ouble salt of potassium and magnesium (schoenite), which- 
is only %lightly soluble. This mixture of residual salts often con¬ 
tains 7'5 per cent of potassium, which corresponds to 12 per cent 
of potahsium chloride, or to 14 per cent of potassium sulphate. It 
is utilized either by extracting the common salt from it or by con¬ 
verting it into manure of low strength. In*'rational manufacture 
the residual salt should be washed in the pan itself; for fhis pur- 
pORe the mother liquor 11 is used, as the salt as well as the pan 
itself is still very hot. When the evaporated solution is run off, 
the nfother liquot with which the pan is drenched heats rapidly 
and then dissolves the greater part of the potassium salt which is 
still contained therein. This solution is facilitated by stirring. 
When the density of the solution determined whilst boiling reaches 
34’5' to 35° B., it is run through wrought-iron gutters into special 
crystallizers, where it deposits not potassium chloride, hut a salt with 
tetrahedral crystals, the composition of which is analogous to 
carnallite. If the solution was sufficiently concentrated, the liquid 
which flows from the carnallite crystals (final liquid) only contains 
1 to 1‘5 per cent of potassium chloride, and in addition:— 

Per cent. 

MagneBium chloride.26 to 28 

,, Hulphato . . . t . . . .4 

Common salt . . ... to 4 

In certain factories the brominp is extracted, in others'the magnesia. 
The artificial carna'lite thus obtained is dissolved in water in smaller 
pans than those used, to dissolve the crude - salt. ^The solution 
testing 32° to 38° B. is run into vats, where it deposits pofassium 
chloride Jiurer thaq that produced from the crude salt. The mojther 
liquor of this salt is added to the first. As the carnallite from 
whence it "comes contains lyss common salt than the crude salt, 
thi^ mother liquor yields little residual salt. The salt yielded by 
artificial carnallite i^ washed with a very little water, and then 
yields very high str^mgth potassium chloride (95 to 98 per cept). 
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i,nv Jhkride of Pokssium.—ln most fadtories potassium 
chloride is dried in reverberatorv furnaces. In recently ertjpted* 
factories the drying is conducted’ in cylindrical tanks litxitted by 
steam coils in which an agitator with bladesi revolves, and a roller 
compresstjr. • When the shaft revolves the blades turn up the salt, 
and the roller which follows makes them into a cake a^iin, so that 
the surfaces are continually renewed. When the drying is finished 
the salt is run out through a shoot and bagged up. In a general 
way factories running on the lines desorilaal at)Ove are content 
with producing 80 per cenSpotivssiuin chloride; mrely carrying the 
purification so far as to make 97 to 98 per cent protlucts, altliOTgh 
the potassium ahlorides dissolved hy the clarification can he iv- 
^vered immediately in the crystallizers, whilst the mothei;,ljflUi»i' 
is used to dissolve the crudi; salt. To obtain 98 per cent salt in a 
simple manner, the method of dissolving the raw salt is modified. 
The mother liquor, the small amount of clarifying liquor, anikfinflly 
the liquor used to boil the residual salt, are alone used as solvent, 
addition of water lieing avoided. After having brought the solvent 
8olutioii*in the pan to the lx)il, the raw salt is run iu as before and 
the whole boiled without interruption until the solution tests 35' 
to 30'' B. At that density the carnallite in the crude salt eaSly 
dissolves if the liquid be hot enough, i.e. if the steam he of siifpoient 
pressure. Certain factories insert an agitator the action of which 
contributes to mix the solution, consequently to obtain ^ better re¬ 
sult from the crude salt. N(‘vertheless, the residue is sometime*! 
still rich in potassium chloride, and if this he the case it is Imiled 
a second time with pure motluir liipior. The solution so obtained 
is clarified in the same Wiiy iis in the first method; on cpoling it 
deposits not jxrtassium chloride hut carnallite, which is allowed ^o 
drain, after which it is dissolved in Ixjiling water to extract the 
potassium chloride. As common salt as well as kiescrite only dis- 
solves slightly when hot in a concentrated solution of magnesium 
chloride, whilst potassium chloride is very soluble therein, it is 
clear that the solution prepar'd hy this process should contain very 
little common salt, and also thal^ the carnallite which crystallizes 
therein should coqtain very little, and the chloride of ijotassitqn 
furnished by fhe latter should he o^high ttrength. This methorl, 
however, has the drawhaqjt of yielding a large aipouut of carnallite, 
the removal §nd sofutien of which require .much laliour and steam 
and consequently fuel. This drawback is obviated by diluting fhe 
solution which flows from the clarification vats^^with watdk, so that 
after complete cooling it yields chloride of potassium of high strength 
directly, and no longer carnallite. Ip this way the crystallization 
and solution of carnallite are conducteAin a Single operation. The 
advantages of this method of working are evident. Instead'of tfeat- 
ing ^8 before two different solutions and two (\jfferent salts, only a 
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siagle solution 'and a single salt have now (o be treated. The 
•potEWJsi^m chloride so produced is so pure that when it is freed from 
magnesiilm chloride by a little water it contains only 0‘6 per cent 
of gommon salt, the remainder being potassium chloride with a little 
moisture and some slight impurities. • , 

Potassiilm Siilphati. —This salt is manufactured at Stassfurt, 
by drenching potassium chloride with sulphuric acid and calcining 
in a reverberatory furnace. The reaction which takes place is the 
same as that used in the manufacture of sodium sulphate from 
common salt and sulphuric acid. First of all the material heats, 
ga 8 A)us hydrochloric acid is given olf, and acid potassium sulphate 
is formed according to the equation— 

KCl + HjSO, = HKSO, + HCl 

Afftirwcrds, the temperature continuing to rise, the acid sulphate of 
potassium acts on the remainder of the potassium chloride. A 
new disengagement of hydrochloric acid gas is produced, and finally 
potassium sulphate is left as a solid mass. This reactirfil is ex¬ 
pressed by the equation— 

KCl -H IIKSO 4 = KjSO^ + HCl 

Since the pptassium sulphate as it comes from the furnace is in big 
lamps, it must be crushed before delivery to farmers. In the same 
way as the price of potassium chloride is calculated on the basis of 
an 80 per cent salt, that of potassium sulphate is based oh a 90 per 
cent sal^ consequently 100 lb. of this product at 95 per cent equal 
ly) lb. at 90 per cent. Potassium si^phate of 96 per cent strength 
is worth about more per cwt. on the 90 per cent basis than 
the product which only tests 90 per cent. 

Double Sulphate of Potassium and Magnesium. —This product 
has already been mentioned as sciwenite, but is never found in that 
form; it is manufactured in large quai|titie 8 from kainit. It consists 
of equivalent quantities of potassium sulphate and of magnesium 
sqlphate, and contains in the crystalline state, six equivalents of 
water. The method ofcmanufacture varies with the*factories, but 
all processes are b^sed on the fixiviation pt the magnesium chloride 
and common salt fronq the kainit by hott.salisie so^^tions. The 
dried ground salt contains about 48 per cent of potassium siilpbate, 
corresponding to about 26 per cent of potassium, and it is pu^ on 
the market with the guarantee of a maximum content of 2'5 per 
cent of chterine. This salt if much used as a manure. 

It possesses the foHowing composition, according to Mercker :— 
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TABLE CIV—ANALYSIS OF SCHOENITE. (MERCKER.) 

• iVr 

Potasgium sulphate. 

Magneeium „ ....... H4*0 

Common salt.• . . 2*5 

\%teT.HU 

• • 


Its potassium content is therefore ^7'2. 

Doubk Carbonate of Potassium and Maijwsiiim .—Tlio salt 
contains 17 to 18 per cent of poiassiimi; it consists chiefly, as its 
name indicates, of the carVpnates of potassium and ma^'nesium with 
2 to 3 per cent of impurities consisting of potassium chlorid# and 
potassium sulphate. This salt, thei-efore, contains very little 
.chlorine and might perhaps he tisisl as a fertilizer for tobacco. Ihit 
the price of* potassium is about double in this form to wjiat it is 
in potassium sulphate. 

Potash not only acts as :i nununv but it retains the piointuro 
in the soil. Certain jKttash salts absorb moisture and cake to¬ 
gether ; kainit especiidly forms very hard blocks like stone. Spread 
in a tifln layer it absorbs 2 per C(‘nt of moisture in twenty-four 
hours. • • 

Calcined potash salts absorb from dry air in twenty-four ItCurs 
up to 0 per cent of water, in live days 14 per ^cent, and tm to 24 
per cent in six days. To prevent them caking into a solid inan@ it 
sufhces to add 2'U iter cent of peat powder; the mixture^ so preparetl 
keeps for two months without deterioration. . 

Other b'ertilizimj Salts .—The Stassfurt factories sometimes 
make a fertilizer from waste not otherwise utiliztxl. h’or this jiur- 
pose the sludge dejiosited at the bottotn of the clarification jians, 

• which always contains a littlj potash, is used. IfX) parts of calcined 
ground sludge contain :— 


TABLE CV.—ANALYSIS OK SI.flKJE FROM CLARIFICATION OF 
POTASH SALTS. 


Insoluble (oxide of iron, sand, j.'ypKuni) . 


Calcium sulphate . 

H-r.7 

Double sulphate of potassiiii* and 

Kqun) to potaMHiuiii. 

niagncsium^MKSO^ + K.^SO^) 

Hi-4b f»‘i7 

Potassiunf chloride . ^ • 

#1-01 0% 

Magnesium chloride .... 

10*24 

Common salt ^ * 

45-51 • 

VUater aiW lo«9. 

•1-77 


100-00 12-«21 


Another product of this kind is furnished by the residual sal4, which 
contains about 12 per cent of potasswrn suljthate ; as v^e have soenr 
this consists of sludge with a large ptfiportion of common salj. 

' Equal to 19-35 KCl or 22-54 sulphate of potash. 
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• *A third salt Itkewise used as a fertilizer is that extracted from 
the f^tt^rs, which when dry contains about 50 per cent of potassium 
chloride, ftnd 45 to 50 per cent of common salt. 

^11 these salts are» treated in the same way. They are dried 
in a reverberatory furnace by heating them to neaAy <the point 
of fusion, then they are*crushed. Brown fertilizing salts with low 
potassium content are rarely met with now on the market. The 
salt from the gutters, dried and ground, is sold under the name of 
“manure salt, calcined and ground,” with a minimum guarantee of 
27 p^r cent of potassium. Lately a whtfle series of other potassic 
manures has been manufactured, but their high price is an obstacle 
to their sale. The composition of the different Stfesfurt salts are 
sumnjan'zed in the table on opposite page. , 

Commercial Brands of Potassium Chloride [Muriate of Potash). 
—The principal commercial brands of potassium chloride supplied 
by tne Stassfurt factories are the following:— 

(a) 70 to 75 per cent potassium chloride (muriate of potash), 
containing on an average 45 per cent of potSsh (KjO) an^^l per 
cent of sodium chloride, 2'5 per cent of water, 1'7 per cent of sul- 

*phajie of potash, 0'8 per cent of sulphate of magnesia. 

(b) 80 to 85 per cent potassium chloride (muriate of potash), 
containing on an ar/erage 50 per cent of potash (KjO), 14 per cent 
of Sodium chloride and I'l of water, etc. 

. (c) 90 to 95 per cent potassium chloride (muriate of potash), 

containing 56'9 per cent of potash (KjO), 7 per cent of sodium 
chloride and 0'6 per cent of water. 

(d) 97 to 98 per cent of potassium chloride. It is the most 
ooncentratted product. For this latter certain factories guarantee 
nok more than 0 5 per cent of sodium •chloride, for which an extra 
charge is made. 

The selling price for all sorts is based on 100 kg. (220 lb.) at 
80 per cent, bags included, that is to say that products with a plus 
value are brought to 80 per cent by calculation. An example will 
make this custom clear. Suppose tlrat the price of potassium 
chloride of 80 per cent be 9-40 francs, bags included, say 3 b. 9d. 
the owt. If the muriate bought is ot a higher streygth (say 95 
per cent) it will cost ll-ft frarvis (say 4s. 6d. the cwt.), that is to 
say, 100 kg. (220 lb») of muriate at 95 per<3ent strength correspond 
to 118'75 kg. (261'25 lb.).of 80 per cent muViat^. It fe cleas that 
the price increases proportionately with the purity of the muriate. 

As to slilphate of .potash the price is calculated on a 90 per cent 
basis. ^Consequently '100 kg. (220 lb.) of this product at 95 per 
.cent equal 110 kg. (242 lb.) at 90 per cent. Sulphate of potash 
of a guaranteed strength of 96 per cent is worth about 0 50 francs 
(4'8d0 more per 110 k,g. (220 lb.), or 2^d. more per cwt., than the 
sulphate, which only«tests 90 per cent. , , ‘ 



TABLE CVI. -COMPOSITION OF STASSFURT POTASH SALTS.' 











380 


CHEMlCAti MANUEE8 


, Remarks on the Use of Potash Salts as Fertilizers .—As already 
8«en, (be Stassfurt mines {prnish crude salts and refined salts as 
fertilizer!. • Which should preferably be used? This question is of 
great practical importance, and farmers have veiy little doubt on 
the fnatter, if we are to believe the emphatic puffg of kainit 
dealers and the other societies “ for the encouragement ” (!b-oalled) 
of the diffusion o! manures. Ifi the last thirty years the con¬ 
sumption of potassic manures has progressed considerably, but 
instead of using pure salts the farmer has chiefly used the crude 
salts, kainit and oarnallite. As will be s^en in the analyses given 
below* crude potash salts contain, besides potash, sodium chloride, 
magnesium chloride, etc.; in fact, they contain much«more chlorine 
th^ Ijptosh. 

The following, according to analyses now old, are the'potash and 
chlorine content of crude Stassfurt salts ;— 


TABLE evil.— CHLORINE CONTENT OF 

CRUDE 

« 

POTASH SALTS. 


Percfiiitage of 

Potanh, 1 . . 

K.O. 1 Chloniic. 

Parts of 
Chlorine 
per 100 
parts of 
Potash. 

• 

ifieserite. 

7-44 

34*67 

40G 

Carnallite. 

9*78 

37*03 

378-6 

Ordinary fertilizing saltK .... 

12-22 

30*53 

2.50 

Kainit. 

12-76 

31*21 

244-6 

Sylvinite *. 

2304 

44*39 

192-7 

Feflilizing Balt, good quality . . . *: 

31-r)5 

62*33 

166-9 

Muriate of potash, 80 per cent. 

62*05 

48*68 

93-5 

« „ „ 90 „ . 

58*37 

47*67 

81-6 

„ 98. 

61*48 

46*96 

75-9 

Double sulphate of potassium and magnesium 

27*22 

1*52 

5-5 

Potassium eulphate, 90 per cent 

49*93 

2*23 

4-5 

M 96 t 

52-CH 

0*56 

1-0 

Carbonate of magnesium and potassium/ 

* 

17*18 

? 

? 


t ■ « 


More recent analyses of kainit in the (agricultural experiment 
statipns have shown that over a long perrod the proportipn of 
chlorine has been continually increasing. , 

Thus, in 1895, B.(Sjolleraay found 35'8 of chlorine. In 1896, 
Adolphe Mayer found" still higher figures. In 1908, chlorine and 
potash were estimated in fifty-uine samples. A single sample alone- 
gave the same chlorine contetit as formerly, while the others were 
as follows:— 
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P«r C'fnt. 

5 Eamplee. BO to 3S 

18.• . . 35 to 40 

24 ..40<»15 

9.; . . 45 to 50 

2 • ..* . over 60 

• • 

It is, therefore, established that kainit has not the same composi¬ 
tion as formerly. It would appear to be mixed with minerals rich 
in potash and with a high chlorine content. A more complete 
analysis of kainit showed that some samples contained only 1‘50 
per cent of sulphuric acid. Potassium chloride (muriate of fotash) 
contains 50 per cent of potash and 50 per cent of chlorine. In a 
number of samples of kainitr the chlorine content was also 50^er 
cent, but fhe potash content was only one-fourth of thp amount 
contained in potassium chloride. This Ireing the case it would he 
necessary to use four times as much of a manui'e of this kllid to 
obtain the same result as with mui-iate of potash. But the high 
percentage of chloiane in crude potash salts has other drawbacks, 
not nflnimized by the fact that it has been forgotten to point them 
out. Chlorine exerts a disastrous influence on the physical coisr 
stitution of the soil and on vegetation. Moreover, it canrftt be 
denied that the secondary salts which accijmpany thfj potash 
strongly attack the reserves of fertilizing ingredients in the. soil. 
The potash is evidently absorbed by the soil, it it be^upplicd to it 
as chloride or as sulphate of potassium ; the potash combines with' 
the silica of the silicates of lime, soda, and magnesia, whilst the 
secondary elements, such as the chlorine in muriate of potash and 
sulphuric acid in sulphate of potash, combine with liini^ soda, and 
magnesia. In the first place, calcium chloride is formed, in the 
second, calcium sulphate. But as calcium chloride is very soluble 
in water, it is carried by it down into the depths of the soil, and 
is thus lost to the crop. This tact agrees perfectly with another 
fact which his been established, viz. that potassic manures, es¬ 
pecially the chlorinated ijanures, rob the soil of its lime; thus 
100 kg. (220 lb.) of kainit, containing 31 kg. (78'2 lb.) of chlorine, 
cause the soil to Jose 100 kg. (2'^0 lb.) of lime. It follows, theri^ore, 
that the usft of potassic manures^entailwalso the use of calcareous 
manures. Mercker advises to apply to the so^l as much quick-lime 
as pptash i^lts. • It jthus follows that tjie comparative cheapness 
of crude potash salts, such as kainit and sylvinite, is nothitf^ but 
a snare, because, to take everything into account, the price of these 
salts ought to be increased by the price eT the lime, the loss of 
which they entail. In marshy lai^ the simultaneoits aftplicatiqn 
of lime is particularly necessary. In sucB soils, in fact, the potasn 
salts are rapidly robbed of their acid in such a way that'in the 
aljpence of lime the chlorine forms free Eydrochloric acid, which 
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poisens the plant. ■■ Lime, moreover, is an indispensable corrective 
to the, secondary effects which crude potash salts never fail to 
produce, ihe most important of vrhich is the prevention of nitrifica¬ 
tion m the soil. Holdefle'iss, in experiments with farmyard dung, 
completely suppressed its action by means of potash tali^. The 
solvent action'' exerted bf the secondary salts of potassic manures 
is very well brought out in Lawes find Gilbert’s experiments. They 
even obtained an increased yield with salts free from potash. The 
plots experimented on received every year from 1854, 4 kg. of 
sulphate of ammonia and 350 kg. of superphosphate. The following 
amouriu of salts were added per hectare;— 

• 

TAMjBtOlilll.—EFFECT OF SOLUBLE MINERAL SALTS ON GBAIN 
CBOFS. 


Weiplit of Crop.s ill Kilosran)me.<< jier Hectare. \ 


18.V-J 

-70. 

1870-89. 

i89i;. 

Grain. 

j 

Htraw. 

Grain. 

1“ traw. 

Grain. 

Straw. 

No Halt . . . . - 1868 

6404 

1417 

254.3 

2036 

3737 

400 kg. sulphate of potanh . 2205 

4114 

1780 

3100 

2500 

4585 

,, ,, „ soda . 2275 

4240 

1883 

4674 

2775 

5602 

„ ,, ,, ,, magnesia 2280 

4051 

1882 

3291 

2369 

4333 


If will be scon from these figures that salts free from potash 
have in several cases furnished yields heavier than with the pure 
potash salt. These salts, therefore, have mobilized the reserves of 
fertilizing ingredients in the soil, so as to bring them to the support 
of the plant. The soil has thus been, in a way, robbed of its 
normal reserve in favour of a few crops. This robbing of the soil 
would have been demonstrated in a more serious manner if the 
investigators, instead of using sulphates, had used chlorides, because 
then it would have been ntensified by loss of lime. In fact, 
although not stated, here again the nutritiv^e substances of plants, 
including phosphoric acid, may be rendered'* soluble i|,nd conse¬ 
quently carried down into the depths of the soil. The same 
phenomena must perforce occur with kainit, sylvinite and carnal,: 
lite, the comparative low proportion of pure potash salts making 
their action almost nil compared with that of the secondary salts 
which accompany it itr theSB products. There is here a very 
interesting subject for study by agronomists. It would be specially 
useful to find if drainage water contains fei-tilizing substances in 
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those cases where crude potash salts are us^. Amongst tflese 
fertilizing substances, phosphoric acid .may be found, for we mi^t 
not forget that phosphate of lime is soluble in a great,rfunfber of 
saline solutions. There might also be found in the dminage water 
as much potash as was spread on the sofl, and if such wei% the 
case it ^ould prove that the use of cruds potash SiJts as manure 
would be absolutely illusory. It is probable that no delay will 
arise in discontinuing the use of crude potash salts, using only the 
pure potash salts, in spite of their higher price, when the devastat¬ 
ing action of the secondary elements which accompany the potash 
in the crude salts is realized.* » 

Potash Sails Dejmsits o/.ffsrtcc.—Deposits of ^tash have been 
discovered in Alsace. They consist chiefly of sylvinite. .According, 
to report ftom the President of the district of Upper i^tsSce, the 
deposits of rock salts and of potash occur in the Tertiari/ Syslem, 
The territory in question extends overall area of about 2(j0 sq. km. 
(125 square miles). It is bounded on the north by the line 
Regisheim-Soultz, y> the west by the line Soultz lierrweiler- 
Schw^ighausen, to the south by the line Schweighaiisen-Neider- 
morschweiler-Ile •Napoleon, and to the east by the line Up 
Napoleon-Ensisheim-Regisheim. The total thickness ol tkli de¬ 
posit is estimated at 200 metres (6511 feet), and the beds of potash 
salt are included therein, fairly regularly. These deposits appear 
destined to play a part in the German potash industry-. 

• 

Geiiman Potash Industky. 


Quantum of Potash Salts in Double Umutrcdvciijktsof Potash 
{K.,0) raised in Germany, yith jlimie. Consumption and Values^. 



ll*ia j 

191 (. 

19l.t. ' 191t>. j 

i i 

1917. 

Exported . 

Home consumption . 

5,(lo5,!l60 

.(i,<l4lij»0 

3,684,2t'0i 
5,.857,110 

i 

l,191,5(K)|i,.’>70,400 

j5,60»,2.50i7,200,660 

1,.H0.5,S90 

8,786,900 

Total. . • . . : 

• 

11,108,694 

9,030.888 C,797,7f)4|H,8S!t.761» 

10,042,980 

1 

Value, Millions of marks 

202i 

■ 1C4J 

: lyj 164 

230 


- . 


1 Whiint muriate of potash Htiould be used sparinsly and wMli the ^reatcat 
diaoriminatiOD, kaiuit when fairly free from chlorinj*is a safe and mostraluable 
manure, eapecially for potatoee. Xiie translator considers it loundjpiactiee to 
add 1 cwt. to 2 owts. of such kainit per ton to all compound fnanurts, that.ia 
when it onn be done without lowering the percentage of the phosphoric acid and 
nitrogen helow.the minimum guarantee, d^otatoes respond in a vrt'y ronarkablc 
manner to aunh a manure.—Ta. * 
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, According to tbe “Chemical Trade Journal" (Jan. 28, 1911), 
there .were at that date 69i works engaged in the production of 
potash stilts, and in several cases purifying or preparing it for 
marljet. In addition, tjjere were 79 works in process of construc¬ 
tion and 25 more under course of promotion. Twentjafour firms 
are engaged jJartially or entirely in the prospecting and boring for 
potash minerals, so that altogether 197 firms are employed directly 
in the potash industry. 

The number of syndicated works and the total sales and values 
are given in the following table :— 


Gkkman Potash Industry. 


2'otal Sales of Potash Salts in Terms of K.fi and Values. 


y«ar. 

r 

No. of 
Syndicatetl 
Works. 

Total Sales. 

Average Sale per 
* Syndicated Work. 

Quantity 
(I)op. Zeut). 

Value 

(Marks). 

Quantity 
(Dop. Zent). 

Value 

(Marks). 

1900 

12 

2,942,540 

56,230,316 

245,212 

4,685,860 

1001 

'19 

3,828,800 

59,128,509 

175,205 

8,112,027 

i\H)2 

2a 

8,097,586 

56,880,087 

184,675 

2,473,439 

1908 

27 

3,588,238 

64,106,854 

180,801 

2,374,402 

1904 

27 

4,101,422 

74,077,704 

129,312 

2,743,621 

1005 

28 

4,882,082 

81,642,749 

172,596 

2,915,812 

1900 

84 

5,474,430 

91,683,987 

161,013 

2,696,588 

1947 

40 

5,577,546 

93,422,W4 

139,439 

2,835,552 

1908 

4!> 

5,015,761 

97,818,218 

120,730 

1,966,188 

1909 

50 

0,7.58.81S 

116,505,780 

120,595 

2,080,459 

1010' 

65 

8,000,000 

128,000,000 

123,077 

1,892,307 

_ 

, . . . , 



... 



In 1918 Dr. Paul Kestner gave'a fuost important address in 
London on the Alsace Potash deposits * from which the following 
notes are taken;— ,, < 

Consumption of Potash Salt's. —The amount of potash salts 
applied to the land in different countries amounted to i400 kilos 
per s^are centimetre in Germany, 183'9 in England, 9o in Fr'ance 
and 128'9 insthe United States, the total amounts consumed being 
given in the following table:— 


‘ Estimated. 


Jour- Soo. Chem. Indt.,” 1918, T. p. 291. 
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X 


Year. 

Germany. 

' United States. 

England. 

France. 

Kilos; 

Kilos. 

Kilos. 

Kilos. ., 

1 1^10 

359,335 

■ ■ 

244.910 

18'.25« 

22,849 

♦ 1911 

432,340 

237,442 

^,902 

26j468 

i 1912 

463,383 

• 215^65 

23,414 

31.691 

1918 

536,102 

231,689 

23,410 

33,115 


North Oerman DeposUs. —Alx)ut the year 1850 a most important 
discovery of potash salts was made at a depth of about 260 metres 
in the rock saij mines at Stassfurt. The value of potash salts in 
agriculture was not at that time realized, and it was only later that 
the deposit* were worked for its extraction, the rock salt Ijerfig the 
object of attention. Soon, however, companies began to he formed 
for the working of the potash-bearing minerals and thgse Mere 
gradually multiplied until there were quite a large number of 
workings, not only aj Stassfurt but also in other parts of the district 
comprised in the Duchies of Brunswick, Hanover, Mecklenburg, 
and Thuringia. TJie first workings were started in 1862, while Inj 
1907 there were 39 companies engaged in the industry, these ifeing 
amalgamated into one large syndicate or trust, which was very well 
known, under the name of the Kali Syndicate* owing to ihe .fact 
that it held practical control of the world's supph) of potash 
salts and regulated the amount of material to be raised, the amounts 
to be allocated for home consumption and for export, and th(! prices 
to be paid. Owing to its well organized methods of propaganda 
among the farmers the production of jxitash salts rose rapidly from 
year to year, amounting in the aggregate to 11,607,000 tons, half of 
which was reserved for home consumption. During the war Very 
little was exported. 

The composition of the salts given by Dr. Kestner is somewhat 
different to those already quoted. The most important is sylvinito, 
a mixed chloride of potassium and sodium, containing 26'3 per cent 
of potassium chloride, but t5iis«s rather scarce in the North German 
deposits. Kainite is a mixture cff potassium chloride and magnesium 
sulphate coataining 26'6 per cent of potasjjum chloride. " Hartsalz," 
a mixture of potassium and sdfiium chloride with njagnesium 
sulphate, contain%21'2 fer cent of potassium chloride; carnallite, a 
double chloride of potassium and magnesfum, contains 15-5 pei“oent 
of potassium'chloride, while polyhalite contains varyingiproportions 
of the sulphates of potassium, sodium, and ojtlcium. 

The great majority of the salts from the North German deposits 
contain a high percentage of magnesf^for wliich reason they require 
to be refined before they can be qsed in agriculture. - For this 
purpose huge refining factories have been Established by tbe syn-* 
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dicE^tt — jhe pregfration of salts containing a fixed proportion of 
^tassium chloride. , . 

Atsaitm Deposits .—In 1904 the potash deposits of Alsace were 
discovered. These contain much richer salts than those of Stassfurt 
and Although companies were formed to work them it not lon( 
before the powerful Nortji German syndicate obtained a cdhtrollin| 
influence in these concerns and ^jractically strangled the industn 
so as to remove any danger from competition, and by this meani 
secured a practical monoply of the world’s supplies, which thei 
fondly hoped could be made a very formidable weapon in an; 
trouble with other countries. The Alsace deposits cover an area o 
about 200 square kilometres ( = 78 square miles) in tjie North-Wes 
of Mulhouse, between the .lura to the south, the Vosges to the west 
and tlTe'^hine on the east. The deposits are found at a depth o 
650 to 1000 metres and consist of two beds, the lower one beinj 
the *iosl* extensive in area and in thickness, averaging 4 metres 
The distance between the two beds is 15 to 25 metres, and the; 
are covered with a huge bed of rock salt ijbout 240 metres ii 
thickness. The salts consist mainly of pure sylvinite, th#uppe 
bed containing on an average about 35 per K:ent of potassiun 
chlofide and the lower 30 per cent. The total capacity of the two 
layers is estimated at about 700,980 cubic metres, equivalent to 
1,472,058,000 tons' with an average content of 22 per cent of 
potash (KjO), or in other words the deposits represent 300,000,000 
'toijs of potash, which is sufficient to supply the world’s requirements 
for a good many years. The purity of the salt far sui-passes those 
of the Stassfurt area and, in fact, is superior to that of any other 
known deposits of importance. It is, in fact, sufficiently pure to bo 
suitable for use in agriculture without being refined. The first 
borftig undertaken was near Wittelsheim in 1904, coal being the 
object sought. At a depth of 358 metres beds of rock salt were 
discovered. The boring was continued to a depth of 1129 metres 
without any coal being found and the potash deposits weie passed 
through without their presence being observed until later it was 
discovered in some of the material r>3m6ved. A company was then 
formed to exploit this discovery and 165 borings were made in the 
dist'rict. Working in the,,first shaft was commenced in 1910, and 
already 15 shafts have been sunk. The powerful German Potash 
syndicate, fearing the result of competition, obtained a^controlling 
inflvfcnce in these deposit's, and in order to pfotect their own'com- 
panies, imposed many restrictions upon the Alsace fiiines, onlyj5 
per cent of the total potash production in Germany being allowed 
to be raised Iherefrom. The remarkable anomaly there exists that, 
owing to the short-sighted pblicy of the German magnates, the 
riche* deposits in the world have had to be handed back to France 
almost untouched. 
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Galician Deposits .—Deposits of potash hav^ been \#orke(t in 
Galicia, for several years, but they do not appear to be of any glea? 
importance since they are unable to supply the whole of Iji* require¬ 
ments of Austria-Hungary, which in 1913 imported 21,000 tons of 
potash from Germany. • ' 

Sparisn Deposit .—A dej)osit of potajh salts was discovered 
just prior to the war at Suria, in Catalonia, where rock salt mines 
were already being worked. Several borings were made and 
deposits were located at depths between 121 and 197 feet, others 
were also found at 420 feet and also at 88() feet—the greatest depth 
to which the borings wxn^ carried; below this again is rocjc salt. 
The deposit ccjnes to the surface at Cardona where there is actually 
an outcrop in several places, and a stream running near the salt 
mines contains a notable proportion of potash, which has^fdefftly 
been running to waste for a long time. The deposits seem to be 
fairly extensive but, owing to the irregulai' geological forjjiati#n of 
the country around Harcelona, the amount of potash salt that can 
be mined cannot be determined with any accuracy. In the area 
in whjph the borinfs have been made, extending over 2,(i90,000 
square feet, the deposits art^ 290 feet thick, and contain 70 feet o^ 
carnallite with 12 to 20 per cent of potash, and 33 feet of syMnite 
containing 9 5 per cent of potash. It is estimated that there is 
approximately 255,000 tons of carnallite and* 1,150,000 •tong of 
sylvite.' From a survey of the region it is regarded as probable 
that further deposits are likely to occur in the neighbourhood^of' 
those already discovered. The beds are, however, not continuous, 
and, unlike those of Alsace, which aie nearly horizontal, they are 
steeply inclined, which adds very materially to the difhcully of 
working them. The original concession, granUsl to It Fraiico- 
Belgian company at Suria* and Cardona is apparently the fhost 
valuable, being 10 kilometres in width, 12,000 hectares in extent, 
and now covered with 12 shafts 300 to 800 metres in depth. 
A shaft was being sunk which in 1919 would he capable of 
yielding 1000 tons of salt per day. A concession has also been 
granted to another company ivhich has .alnuidy sunk 3 shafts at 
Cardona. • • 

Italum pepoiit .—,\t Krythrea a layer of potash salts has Ifeen 
discovered in what appears to he Wie bed of an ancient lake. It is 
extremely rich in potjish salts, containing as Tnue'h as HO per cent 
of potassii/hi chloride. A company are flow working the deposit, 
apd it was estimated that the output for 1918 woulij he 50,000 
tdns. 

Indian Deposits .—Potash deposits have been found^in the Mayo 
salt mine at Kheura, Punjab, the cllief miijerals being langheinitS 
(K,S 04 , 2 MgS 0 ,), and sylvite. Avefage samples takei^ from the 
Pharwala-Sujowal, Buggy, and Nurpur seams showed respectively 
22 
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8'Of ll'Qind ll'Sjper cent of potash to be present. These deposits 
"have not yet been worked for potash manufacture.' 

* SAlt i(ikes .—Sea water contains a small quantity of potash salts, 
and where the heat of .the climate is considerable common salt 
can he obtained by solat evaportion of the water in shallow tanks, 
or better, by, pumping over brushwood stretched upofi a huge 
frame of wood. After the cryst^lizafion of the common salt the 
mother liquor or “ bittern ” contains sufficient potassium chloride, 
bromine, etc., to make it worth while extracting them. At Salin 
Girand there are 123 acres of earthen lagunes and 40 acres of 
cemented tanks.' The water is concentrated by a combination of 
Balards' and Merles’ processes to a gravity of After the 

separation of Epsom salts, which occurs first, there is a deposition 
of miftij salts containing magnesium sulphate and common salt. 
'The mother liquor is drained into a large tank in which it is re- 
tfrigeeateijl, whereupon carnallite (KCl.MgClj + 6H.,0) separates 
-out On washing this with its own weight of cold water most of 
the magnesium chloride dissolves out, with but little potassium 
.chloride, and the residue then contains 75 per cent of potassium 
•Ohloride. 75 cubic metres of sea water yield pne cubic metre of 
evapsrated brine of 28° B, from which is obtained 10 kilogrammes 
.of potassium chloride. These works have an output of 900 tons 
potassium chloride per annum. 

United States Deposits .—Deposits of potash salts have been 
';fo\jnd in seVeral of the salt lakes in the United States and are 
(evidently being continuously formed by the solar evaporation of the 
water. These salt lakes, having practically no outlets, and there 
being also very little rain in the districts, the water which finds its 
way into 'the lakes rapidly evaporates, becoming more and more 
salty until finally it is saturated, and tne salts crystalize as a crust 
■which forms a solid deposit on the bottom and gradually 
grows in thickness. No doubt all the salt deposits of the earth 
have been formed in this way, alternating layers of common salt, 
magnesium and potassium compounds, gypsum, etc., being found 
ip many of them. Several lakes of f,his kind are found in the rooky 
mountains in the States of Nebraska, Utah, and California. At 
Searles lake in California,.the American Trona Company, which is 
largely a British corporation, are engaged iu concentrating the 
water, and extracting potash salts from it. „Coqsiderable reserves 
of Material have been accumulated, and when the pfojected ex-' 
tensions are completed it is estimated that the daily output of salts 
will be equivalent to ii)0 tons of potash. A company is also eredt- 
jng a plant,,at Keelar, on the shores of Owen’s lake, California. 

J- ^ 

* Inst. Bulletin,"JOIS. 

*C. G. Cresswell, “ Jour. Soo. Chem, Indi,” 1915, p. 388. 
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Two works are also being started at the Gr®t Salt Cake.** In 
Nebraska several of the more salinf sand-hill lakes are iJeing 
opened out at Hofiland, Antioch, and Lakeside. The brii#B in these 
lakes is found below a thin layer of hardpan at the bottom of the 
lakes'. It^s pumped to the evaporating'plant which consilts of 
evaporaling pans and rotary driers. The salt is soU in the crude 
state, one sample of the material ^laving the following composition : 
Water 2’14, potash (K^O) 27*35, soda (Na^O) 28*39, carbonic acid 
(CO.^) 22*44, sulphuric acid (SOj) 16*77, and chlorine 2*02 per cent.’* 
In other oases the brine is evaporated by spraying it into an 
oil fired furnace, similar ti those used in the manufacture of oenient, 
or it is dried ^ a clinker, which, while still in a highly heated state! 
is sprayed with fhe brine, which causes it to fall into a crumbly nmss. , 
In the Nebraska region potash salts, containing 25 prf*cent of 
potash, are being produced at the rate of 32,000 tons of KjO per 
annum. Previous to the war the consumption of pota^ salts in 
the United States was 275,000 tons per annum, whereas in 1916 
the total home pro<^ction was only 9720.^ There are also several 
solar evaporation plants on San Francisco bay. 

Chilian Deposits .—In the province of Tarapaca, there are deposil^ 
of potash salts in the lakes Pintados and Belle Vista. Thesoflakes 
have a total area of about 100,000 acres, and are only three miles 
from the railway which runs from Iquique to Lagunas. The^lts 
occur in the form of a crust on the surface of the brine and contain 
from 3 to 36 per cent of potassium chloride. The density of ^he* 
material is about 1*352 and the average thickness 20 c.m. It is 
estimated that there is a reserve of 2 million tons of potassium 
chloride. The brine underlying the crust of salts contains 8 kilos 
of KCl per cubic metre. After removal of the crust it again forms 
in 8 to 12 years. Analysis’of an average sample of the salts ’gave 
the following figures: Potassium chloride 14*15, sodium chloride 
51*45, sodium sulphate 29*39, sodium carbonate 0*32, calcium 
sulphate 0*93 per cent with only a trace of magnesium.* 

Tunisian Deposit .—In Tunis also there is a salt lake to the 
south of Gabes, which sinA 1915 has been worked both for potash 
and bromine. The brine is eVapbrated by solar heat. In 1917 
20,000 ton%of salt was obtained from t)ps source, but this will be 
increased to about 100,000 tons \9hen the installations in course of 
completion are jvor^irfg. ’The salt is knovvn as sebkainite and 
'oontsins 4f) per cefit’of potassium chloride. Refineries hav^been 
i#stalled for the production of pure potassium chloride* 

* In addition to the sources already mentijjhed there are deposits 

' “ 0.8. Geol. Survey,” Apl. 19Vi. 

*R. P. Crawford, “ Eng. and Mi*. JonrS” 1917, p. 777. 

*E.* E. Thum, "Met. and Ghen^ P-ng.,” 1917, p. 693, ‘ 

*3..Sal(!edo, "Eng. and Min. Jour.," 19K, p. ‘J18. 
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in ^eru, Russia, IJiJorocco, the Province of Overyssel in Holland, 
apd also in Sicily, hone of .these, up to the present, having been 
explolled^. 

' Mannfaeture of Potash from Felspar and other Potassk 
Minerals. —The felspar Is finely crushed, beaten up vv’itb^'ateri then 
run into a wooden vat placed in a large receiver of any material. 
The outside receiver is then filled; the inside receiver is then con¬ 
nected with the positive pole and the outside receiver with the 
negative pole of an electric current. This partially liberates the 
potash, the soda and the other soluble bases, freeing them from the 
compijunds which they form with silica. ' The soluble bases traverse 
the wooden wall of the interior vessel and pass into tbe water of the 
extprior ^vessel which they render alkaline. However, the felspar 
soon ceafies to decompose. To render the decompositiommore rapid 
and more permanent the mass in the interior vessel is continually 
stirrsd oi; hydrofluoric acid added. To obtain nitrates, sulphates, 
and chlorides, in place of caustic alkali, it suffices to add the corre¬ 
sponding acids to the water in the outside receiver. American 
patent No. 851,922 of April 30, 1907. t 

(, Production of Potash from Mineral Sottrce.s'.T-Several minerals, 
suchSis felspar and mica, contain sufficient potash to make it worth 
while extracting it if only some simple method of treatment could 
be devised and that a use could be found for the large amount of 
residual matter which would result from its treatment. 

, Potash felspar, or orthoclase, contains about 15 per cent of K,,0 
and potash mica or muscovite 8 to 11 per cent, and many processes 
have been devised or patented for their treatment. 

It would not be possible here to enter very closely into the details 
of these processes but reference may be made to a monograph on 
the subject prepared by A. S. Cushman and W. Coggleshall, read 
before the 8th International Congress of Applied Chemistry.* 
Both Cushman * and Coggleshall have taken out patents in 
America for the extraction of potash from felspar. 

In Cushman’s process the finely powdered felspar 100 parts is 
mixed with 20 parts of lime and 10 t6’ 20 parts of common salt. 
This mixture is fed on to a revolving drum in a thin layer, and is 
sprayed with a strong solution of calcium chloride, whj.ch cements 
the powder into‘‘clumps”. Thi “clumps” are heated in a i-otary 
kiln with a blast of air and powdered coal.' .The, product contains 
aboUv 6 per cent of solublfe potash and is used-direct SC's fertilizer,' 
no attemptebeing made to extract the potash. Another procegs 
described by the aboyfe^authors consists in heating powdered felspftr 
|nd burfit litpe in a rotaiy kiln, lixiviating the product with water, 

" ' Jour. Ind. Enji. Chfan..” 1»12, 821. 

■' 0.8. Pat. 981,436. * Ibid., 987,544. 
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and evaporating the solution by sprajing it into*tthe hot gases .and 
then in a rotary drier. The residue contains 70 to 80 per gent pf 
KCl and 14 to 16 per NaCl, with small amounts ol lime and 
moistme. 

Rhodin** states that when 40 parts of slaked lime, 40 parts of 
salt, and 100 parts of powdsred felspar are heated to'OOO’ C., 80 to 
90 per cent of the potash present is converted into chloride. A sub¬ 
committee of the Government’s Fertilizers Committee have ex¬ 
amined Rhodins’ process and were favourably impressed with it, 
various felspars yielding fjl to 75 of their potash in soluble form.^ 
Ward and Wynant,“ Thompson,* Newton,'’ II. Blumenbei-)!,'’ and 
others, have »lso taken out patents for the extraction of potash from 
potash-bearing rocks. , 

.It a meeting of the Institute of Mining and MetalluJ-gy, E. A. 
Ashcroft gave the details of a process in which the linely-crushed 
felspar is heated with common salt to a temperature of 990° to 
1000^ C. out of contact with air and moistme. 

^NaCl -f K„®AljO.,(SiO)„ = NapAl,,0,(SiO),., + 2KC1 
The products are jrotassium chloride and soda felspar. The latter 
being insoluble in water the ]X)tassium chloride can be leachejJ oulf; 
it contains some sodium chloride. With a felspar containing 
8 per cent of KjO, 87 per cent of it could be exkaoted. The author 
mentions that although E. Bassett took out a ])atent in 1919 for 
this process it w’as never successful, because he did net realize that 
in order to get efficient results moisture and air must be excluded. 

Manufacture of Potash from Alunite .—Alunite is a hydrated 
double sulphate of aluminium and potassium, KAljISOj^.^ 
OH)^. It occurs in the form of a mineral i« volcanic 
districts. In the Lipari* Islands, Auvergne, and the Wo of 
Milo, in Europe, and near Mary’s Vale, Utah, in the United 
States, The latter deposit occurs in the form of a large vein 6 to 
20 ft. thick, penetrating the volcanic rock at a steep inclination. 
The mineral contains 9'7 to lO'O per cent of potash. Taking the 
average thickness of this.dsposit as 10 fty over a length of 3500 ft., 
the outcrop has a surface area gif 35,000 sip ft. and it is calculated 
that the total (wnounts to at leH.st 300,000 short tons, equal to 
30,000 toni of potash.' • • 

A similar mineral io the above, known ais •“ Galafalitc," has 
beetx fou»d neaf B^nahabux, C miles .from Almeria, Spaiij, and 
concessionsJiave been granted over 2470 acres. 

• On ignition alunite decomposes, forming potassifim sulphate, 

♦ • 

• Eng. Pat. 1899, 1G,780. “ ‘•Jour. Board Agric.,” 1917, 1087. 

Eng. Pat, 1857, 3185. ^ U.«. Pat. *1911, 995,105. 

^Eng. Pats. 1854, 1211 and 2421. • * 

« U.S. Pat. 1917,1,214,003. ' “ U.8. Oeol. Survey, Bull.” 611. 
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fnd.aluniina, which latter is insoluble in water, in tms state it 
o»n bq used as a fertilizer or can be treated for the extraction of 
the potadb'salt. Sulphate of potash prepared from alunite was 

« on the market in, the United States by a company working 
iry’s Vale deposit. ' c ^ ’ 

Potash frbm Blast Furnace Gases. —In 1884 a patent was 
granted to Hugh Barclay and B<rbert Simpson of the Harrington 
iron works, Cumberland, for the recovery of salts, especially those 
of potash from coke-fed furnaces.* 

In 1914 a Halberg-Beth plant for the separation of the dost from 
blast ftrnace gases, installed by Fraser and Chalmers, Ltd., at the 
. works of the North Lincolnshire Iron Co., Ltd., watf brought into 
• operatipp, On investigation it was found that this dust contained a 
large quaibtity of potash and cyanides which had been’ volatilized 
from the charge. Owing to the shortage of potash salts it was felt 
that ftiis discovery was of the utmost importance, and arrangements 
were entered into with the British Cyanides Co. Ltd., to carry out 
investigations with a view to the manufacture of potash salts from 
this dust.* ‘ 

<■ A sample of the dust gave the following figures on analysis: 
Soluble in water —potassium cyanide 6'58, potassium carbonate 
14'66, pptassium bicarbonate 23'23, potassium sulphocyanide, trace, 
potassium sulphate 1’13, potassium chloride 10‘90, sodium carbon¬ 
ate 3'97 per cent, ferrous cyanide 0‘48, zinc and lead as sulphides 
0'36 per cent. Soluble in hydrochloric acid —magnetic oxide of iron 
11’68, zinc sulphide 2'23, calcium carbonate 10'39, magnesia 105, 
also silica 8‘91, and carbon 218 per cent. 

It was .found that the whole of the potash in the charge was not 
volatilized under the conditions prevailing in the furnace, and 
experiments made with a view to increasing the yield met with very 
considerable success. Thus it was found that by increasing the 
amount of lime in the charge and at the same time raising the heat 
the amount of potash as carbonate in the flue dust increased from 
40 Ih. of alkali per million cuhic feet of gas to over 100 lb. and even 
. as much as 140 lb. It was also dis&vered that common salt had 
an oven more heneficial effect, the chlorides in the gas increasing 
from about 30 lb. to 200 llx per njillion cubic feet, the ri'tio of soda 
to potash, i.e. 1 to 9, jvas not affected, and tbe total potash was thus 
raised from about 60 lb. tq 200 lb. per million‘'pubic feet.t A pg,tent 
was feken out for this process * which works quite satisfactorily and 
gives no trouble whatever. The extra cost entailed in this process 
is that due to the salt; i.e. £1 per ton of salt or 15s. per ton of 

' ‘ B. A. Berry and D. N. MoArthdr, " Jour. Soo. Chem. Indt.” 1918, 1 T.. 

* K^nnefh M. Chance, *' Jour. Soo. Chem. Indt.,'* 1918, 222 T. 

'British Cyanides Co. l,rtd., K. iC. Chance. E. Bossiter, and the North Lin¬ 
colnshire Iron Co. Ltd., Efg. Fat. 112,338,1917. 
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potash and carriage of the dust to a central fa()iory for traatn)ent 
say 5s. per ton of dust or 12s. per tonasf pota^. The cost pf the 
potash in the raw material would thus not exceed 27s. 45 SOs. per 
ton, and potash salts could be extracted tro,m it at a much less cost 
than tas eiier been charged for German potassium chloride delrvered 
in this country (£8 per ton.) after providing a sufficient profit for 
the blast furnace owner and the refiner. In a further paper on the 
subject, the above-mentioned author states that the burden of 
materials normally charged into a blast furnace to produce 1000 
tons of pig iron will contain 15 to .30 tons of potash (KjO). This 
being the case the amount of potash annually fed into thft blast 
furnaces of this country amounts to at least 200,000 tons, 50,000 
tons of which.is carried off in the blast furnace gases. Tlpjcag be 
very consicferably increased, as al)ove described, and the gijjater part 
of the potash in the gases can be recovered from the dust, ft is 
possible by very simple means to obtain a potash fertilizerA)f 95 
per cent purity, whereas German kainite contained only 20 per 
cent of potash. , 

R.*.I. Wysor* examined the yellowish dust which deposits at 
the base of the stone checquer work in the stoves and gas-fired 
boilers, and found that it contained 15 per cent of potash. Iif 1916 
an experimental Cottrell electric plant tor precipitating the dust was 
installed. This was connected to the gas main, leaving one of the 
dust catchers, and it was soon demonstrated that the, whole of the 
dust could be successfully extracted. The dust varied in colour 
from light to dark grey and contained on an average 10 per cent of 
potash. The total quantity of potash charged in per ton of pig iron 
produced amounted to 22'4 Ih. of K^O. The amount parsing out in 
the slag is 20 per cent of the whole (that is 2'2 lb.) which, together 
with that deposited in the dust catcher, gives a total of 6 lb., so that 
at least 15 lb. of potash per ton of iron could thus be recovered. 
The production of pig iron in the United States in 1916 amounted 
to 15,000,000 tons, so that the potash which could be extracted 
from coke-fed furnaces amounts to a very respectable figure. As 
an example of what could b(f done evetf before the Gottrell plant 
was installed, Wysor states tha*t af the Bethlehem Steel Compijny’s 
Works dusing the period 1 Apijl, 191^ and 1 .luly, 1916, 36 car 
loads of dust were collected, weighing altogether 1073 tons, and from 
this 106 tjns of water-soluble potash was obtained. This, however, 
represents only a portion of what it is possible to obtain wifh the 
flectrical precipitation process. ^ • 

In countries such as Scotland, where the blast furnaces are fed 
with coal instead of coke, much t^rry matter is preeipittted wijh 

» • 

^ R. J. Wysor, “ Metall. Chtni. Eng.y’lSl?, p. V05.* 
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^he,dust, at the same time there is less potash contained in the ores 
tmd t);te amount volatilized is not so great.* 

The Amount of potash contained in iron ores varies very con¬ 
siderably, as shown hy, the figures obtained by E. F. Burohardt,^ 
viz. from 0’70 to 2'56 per cent, and by Grasby,* who fotin^ Cf’70 to 
2'29 with an Average of i'32 per cent.- H. T. Cranfield* has made 
a very close investigation into the composition of the dust which is 
deposited from blast furnaces. From one furnace in the course of 
a week 20 tons of dust, containing 2 5 per cent of potash, was 
deposited in the dust catcher, 5 tons of (eddish dust (KjO, 7'0 per 
cent) 4n the stoves and boilers, and 1 ton of cream coloured dust 
{KjO, 10 per cent) at the base of the chimney stacks. ' He estimates 
thaf. tlje^ amount of potash available in Great Britain from this 
source amounts to 15,000 tons, but this is assuming that fhe Scottish 
furnaces produce as much dust as the English, which is not the 
case.* Ik A. Berry and U. N McArthur examined a number of 
deposits from different works and found in flue dusts 3'13 to 19’49 
per cent of water-soluble potash, stove dusts to 7'87 per cent, 
tube cleanings (which are produced in large quantity) 0'3*to 2'7 
jer cent. The spent liquor from the scrubbing apparatus contained 
0'32f' to 166'58 grins, of potash (K„0) per gallon, and this on 
evaporation and ig/iition yielded an ash containing 20 to 55 per 
cent-of water-soluble potash. The pitch contained 17 per cent of 
ash, and in tljie ash there was 8 8 per cent of water-soluble potash, 
while the slag contained 0 24 per cent of potash. 

In one works the raw materials contained the following per¬ 
centages of potash:— 

Per eeiif. 


l^pcnt coal.0-040 

Coke.. . 0-1-Jl 

Iron ore . 0-12H 

Ijimestone.0-136 


From these figures it is calculated that the amount of potash in 
the raw material charged into the furnaces amounted to 7-6 lb. per 
ton of pig iron produced, and the quactitfes found were as follows :— 


, In liquor 

. . 1*4 U). per ton 

In flue and Etove dust < . . 

0*04 „ „ 

In pitch .... 

1*7 . 

In tube clcdnin^ 

. ' . ' 0-2 „ „ „ 

^ In slag . . . « . 

«2*7 

n 

1 

«04 

OaiHOCQUoted for . 


^•‘Chem. Kng. Manuf.,”‘1017, *i4, No. 

5. 

24, No. 3. r 

1010, 124. 


Jour. Board of Agric.,'’ 1917, 5-26. 

®R. A. Berry and D. K'McArthur, "Jour. Soc. Cheiu. Ipdt.," 1918,1 T. * 
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Mr. F. G. Kelloway, Parliamentaiy and Fina®cial Seoretarj'.to 
the Ministry of Munitions, in a speech made in 1918, stated thaj th^ * 
design of the German Halberg-Beth plant had been modified so as 
to obtain greater reliability and lower capital cost, also that an 
entirely newjmethod of recovering potash trom blast furnace gases 
had been ttevised, and two large plants of this tj'pe wete in course 
of erection capable of producing 1680 tons per annum. Altogether 
plants in work and in course of erection in this country would be 
capable of recovering about 18,000 tons of potash per annum. 

Potash from Cement Ifilns .—It has been known for several 
years that the dust from cement kilns contained an appreciable 
proportion of petash, and during the last few years the recovery of 
the potash thus volatilized has become an accomplishejJ^ faqt. 
Analyses of the raw materials and cement clinker from 113 \5'ork8 in 
America have been made by \V. H. Boss and A. K. Merz.*' The 
raw materials contained from 0'2 to I'lO per cent of potash (IftO) 
and it is estimated that the potash volatilized per barrel of cement 
made at different works amounted to l)etween 0’35 and 5'34 lb. 
Leavinf^out of account those works using blast furnace slag the 
amount of potash v0iatiliz4d averaged 2-(19 lb., which for the whole . 
of the United States would represent alx)ut 87,000 tons per annflm. 
By using the Cottrell electrical plant for precipitating th^ dust 

99 per cent of such dust can be precipitated, but as the lighter dust 
is relatively much richer in potash it is safer to place .the potash 
recovery figure at 90 per cent, which w'onld give 78,000 tons alto¬ 
gether, This applies only to gas-fii ed kilns; with coal-fired kilns 
the proportion of potash in the dust is much lower, that is, only 
59'6 per cent as against 91’6 per cent actually obtained,with an 
oil-fired kiln. The potash content of the dust can be increased by 
the addition of potash-bearing minerals to the charge, also by add¬ 
ing common salt or calcium fluoride which form volatile chloride 
or fluoride. The same result can also be attained by increasing the 
heat of the furnace. 

According to a report of ^le U.S. Geological Survey, published 
in April, 1916, potash was prodifced on a cbmmercial scale in 1915 
from cement kilns, at Riverside,* California, and not only is tipis 
saving effect^, but the dust, which was«e3limated to amount to 

100 tons per day, is rec(jvered and added to yie jement making 

materials, agd not^as ^heretofore being discharged over the sur¬ 
rounding orange grovel. ‘ * 

Jj. G. Dean states that at the works of the ^outh-western Port¬ 
land Cement Company, Victorville, California,*one ton of potassium 
sulphate is recovered per day from t|je cement kiln dust, which is 
•extr*ctedby saturating the kiln gases wijh moisture and then cooling 
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th^m as much an^ssible prior to their discharge. In this way the 
4n8^ is thrown down in the form of sludge which contains potassium 
sulphate,'' sodium sulphate, and the sulphides, polysulphides, and 
thiosulphates of these, metals. The soluble salts are leached out 
with water, and the solution evaporated when potassium s'ulphate 
and a hydrous double thiosulphate of potassium aifd sodium 
crystallize out. This is dried aad calcined, yielding a product con¬ 
taining 90 per cent of potassium sulphate. The kilns are oil fired, 
and owing to the comparatively low temperature in the kiln, due to 
the reducing conditions of the flame, or^y about 45 per cpnt of the 
total^ipotash in the raw materials is volatilized. More potash could 
be volatilized with an oxidizing flame, but under these conditions 
itrwa^lound that the difficulties encountered rendered the processi 
nnworltable. " 

The Cottrell plant installed at the Hagerstown works of the 
Sedurity Cement and lame Company in 1916 precipitates the dust 
by means of a high-tension current at 70,000 volts. The power 
supply consists of a three-phase current at 440 volts and 60 cycles, 
the electrical equipment consisting of four 15 H.P., M k.v.a., 

' 220 volt single phase 60 cycle, 1800 r.^.m. motor generator sets, 
eadii of which is connected to the shaft of a rotary rectifier, and 
four 2^0 to 70,000 volt, 60 cycle, 10 k.v.a. transformers of special 
design. The volume of flue gases dealt with is about 180,000 cb. ft. 
per minute, and from five kilns 7-8 ft. by 100-125 ft. the yield of dust 
amounts to 20 to 25 tons per day. The dust is extremely fine and 
contains 5 to 10 per cent of potash (K 2 O) combined as sulphate.* 
Manufacture of Potash in the Caucasus .—The manufacture of 
potash i,^ an accessory industry of the cultivation of sunflower, 
thp ashes of the stem and the branches of sunflower yielding the 
raw material. The first potash factory was established in 1899 at 
Maikopp, by Scbaponalow. Difficulties occurred at first ow’ing to 
the want of experience. But gradually the conditions of production 
improved, and fresh factories were started. The official statistics 
in 1906 state that eleven factories produced 475,563 poods of potash. 
According to informatton supplied by the manufacturers twenty- 
four factories were at work in 190V, some of them producing several 
thousands up to as much- as 2(10,000 poods of potash. The total 
production of t,hese factories being from 700,000 to 900,000 poods, 
representing a value of 22,000,000 roubles. The ptems of the 
sunflower are generally burnt by the farmers themselves. But 
certain manufacturqrs also burn the plant and buy the sterna 6f 
10,000 to 15,000 deciitines, for which they pay 3 to 4 roubles per 
deoiatfne. ■ A deciatine of sunflower yields in good ground 200 
to 300 poods of stems and, in bad ground 100 poods only, from ■ 

<1 I , 

1 *• Jour. Soc. Chem. Indt. ” 1916, p. 827. 
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which 3 to 6 per cent of ashes may be extracted, and 3 to 4 poc^s 
of ashes give one pood of potash. Jhe percentage of carbonate o^ 
TOtash is 20 to 35 per cent. The appearance of the ash is tifiproved 
by throwing it into the fire, for instance, which causes the asi^ to 
fuse anS ^v*B it a vitreous appearance. * 

When the sunflower harvest is finished the stem* are burnt. 
The purchase of ashes is finished ir^September, whilst the manu¬ 
facture of potash lasts five to six months. The price of the ashes 
up to recently has been 35 copecks, but owing to competition it has 
risen to 40 and 60 copecks .per pood. The manufacture of potash 
is conducted in a very primitive fashion, which consists in lixivifcting 
the ashes, methodically concentrating the lyes, and calcining the 
tproduct. The product is packed in casks of 30 to 40 pood^. The 
analysis of a*potash from Kuban gave (per cent) water, !•'&; car¬ 
bonate of potash, 89; carbonate of soda, 5 0; sulphate of pbtash, 
2'01; potassium chloride, 6'51; insoluble, etc., by ditferenoo, 0^4; 
the usual potassium carbonate content is 90 to 91. It is dealt with 
on a ba^s of 90 per cent with 2 per cent margin at least. Three- 
fourths of the potash is exported to Hamburg, London and New 
York. 

Potash salts have been from the very earliest time made ffom 
wood ashes. These were lixiviated with water,and,the solution 
evaporated, yielding “pot-ashes,” an impure form of carbonate*of 
potash. By again lixiviating with a little water and evaporating 
and drying, a purer form of carbonate was obtained known as 
“ pearlash ”, 'I’his industry was practically killed on the introduc¬ 
tion of the Stassfurt salts, but in the north-west of the United 
States and in Canada, where wood is very plentiful, there.i8 still a 
small but dwindling industry the production in Canada in 1§94 
being 1936 barrels, and in 1898, 1080 barrels. Suggestions have 
been put forward from time to time for the utilization of waste veget¬ 
able matter as a source of potash. Thus in 1802 Hudson ‘ took out a 
patent for the production of potash from tanner's bark, bean and 
other straw, fern, furze, broojp, and kelp. J. C. Umney “ proposed 
the systematic collection arid inftinej-ation flf furze, bracken, hedge 
clippings, etc., and.gives the folfowing figures for the potash cop- 
tent in the Ash: bracken 60, Bol^fus emlis 50 to 57, Agarkus 
velutipes 78, Hypnum Schj'oberi 28 to 30, groun^el ^3 5, broom 33, 
and Euphorbia a.nygMoidei 39 per cen^. According to Quain- 
tenne,'mangrjve trees Rowing in fresh water absorb a large j^ro- 
poftion of potash. 

H. Brtkdley * published an account of the«method of extracting 

> Eng. Pat. 2S86, 1802. • 

*J. C. Umney, “Jour. Soc. Chem. 4ndt.,“*llJ14, p. 1046. 

•“ Jonr. Soc. Chem. Indt.," 1909f p. 1302. 

*H. Bradley, “Met. and Chem. Eng.,“ lOlJ^ p. 841. 
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potash from plart ashes and gives analyses of the ash of various 
itreeji. He suggests that* the, waste from the sawmills in the 
WesteA* States of America should he used for this purpose. 
Al^ough a large quaptit^ of this is sold for fuel purposes, there is 
stiU a considerable amount which cannot be utilize^ 8uffl6ient to 
produce 1000 tons of potassium carbonate per annum. After 
leaching the ash with wate^the solution could be evaporated 
economically in an Bnderlin type of evaporator fitted with a 
rotary roaster, similar to those used in the recovery of soda from 
the waste lyes of cellulose factories. , * 

K. F. Zoller,’ also writing on this subject, states that from 
1 lb. of the ash of Douglas fir mill waste take® from an in- 
c»nei;p.t,pr extracted 24 hours with water at 80° to 90° C., 3'2 to 4'8j 
grms. of potash (K.^0) were obtained, and from cedar wood ash 
1'4 gfms. The ash contained much unburnt charcoal and sodium 
chloride, sometimes to the extent of 16 per cent. 

Such waste as banana stalks and skins might be burnt lor the 
production of potash. B. H. Ellis ^ gives the following analyses 
to illustrate the value of these wastes:— *' 


Dry matter 
Wrtor 
Ash . 

Potash (KjO) in ash 


Banana Stalki. Banana Shins. 


7-3 to 8-4 11-8 

92-7 to 91-6 88-2 

1-5 to 2-4 1-77 

0-9 to 114 1-05 


Ash in dry matter 
Potash ,, 

„ in ash . 


20-.i to 29-9 15'00 

13-3.5 to 13-73 9-03 

.59-1 to 43-9 .57-16 


The ash' of the stalks also contained 31T1 per cent of carbonic 
ac'id and only a trace of soda. 

Potash from Molasses .—Molasses contain a considerable pro¬ 
portion of salts, notably potash salts, and more particularly is this 
the case with beet root molasses. Although a considerable quantity 
of potash has in the past been produced from this source,® it is, 
however, a very- wasteful process to burn the molasses to an ash, 
since the large proportion of su^ar which they contain is wasted. 
The potash salts could, l^owever, be recovered from the spent wash 
of distilleries whqre molasses' are employed, and as this is not 
utilized at all at the present time there i4 ^ent,y of sc^pe for some 
eottiomical method of treatment with this<)bject in view. ‘ There 
is, howeveir, another method of treatment, devised by Wilkenipgf* 

‘ H, F. ZoUer, “ Jour. Ind. Eng. Ohem.,” 1916, p. 105. 

®B. H. kllU, ** Jour. Soo. Gh<.m. Indt.," 1916, pp. 456, 521. 

® 24,000,000 kilos ot Skits frsm this source were reOned in France in 1890, 
Jdur. Soo. Chem. Indt.," 1891,<p. 282). 

* J. E. Brauer, " Central. Kunstdiingerind," 1915, p. 243. 
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in which the molasses are treated with peat dust and the fnixtuJe 
innooulated with azotobacter, whereby the betainrfm destroyed add 
the objectionable stickiness thus renfoveJ. The termente(^i 9 ;iatSriali 
contains about 25 per cent of water, 3-75 per cent of nitrogen, 9-75 
per cent of potash, and 45 per cent of huftius. The amount* of 
phosphor* acid can be raised^by adding sugerphosphaV;, and such 
a fertilizer might be made having the composition: water 25 per 
cent, nitrogen 3 per cent, potash '7'8 per cent, phosphoric acid 3 
per cent, and gypsum 9 per cent. 

Practical tests have been made with such a fertilizer and the 
results arl reported as quite'good. The author states that it \wuld 
be possible to,produce about 350,000 tons per annum of this 
fertilizer in Gergiany. 

Potash fnom Seaweeds. —Seaweed has been used in it»‘t;reAi 
state as a manure both in Scotland and Ireland for a long’jieriod. 
Prior to the development of the alkali industiy the ash of seaweed 
(kelp) also formed one of the chief sources of alkali used in 
soap and glass manufacture; this industiy has, however, been dis- 
continurt, although a certain amount of kelp is made for the ex- 
tmction of iodine. Jloth potassium salts and iodine are ahsorlied 
by seaweeds and are held with the greatest tenacity, thus it is stilted 
by Merz that the algae Nereocystis and Macivcyslis absorb far 
more potash than soda from sea-water and that* the *;f11ort»cence 
which appears on the dry fronds consists of almost pure potassium 
chloride. The ash of the “ sea lettuce ” contains 45 {hu- cent of 
potassium chloride,’ and it has been proposed to propagate these 
species where the conditions are favourable to their growth. 

Owing to the large amount of water which seaweed contains, 
it would not pay to transport it in that state to any conaiderable 
distance, for this reason it wduld be necessary to extract the n»at 
valuable constitutents at some factory as near the gathering grounds 
as possible. Seaweed contains about 80-44 per cent of water, 
9-25 per cent of organic matter, and 10-31 per cent of ash. The 
organic matter contains 0-45 per cent of nitrogen, and in the ash 
there is 2-3 per cent of potaslf (K,0) and 0-4J per cent of phosphoric 
acid.” The giant kelps of the United States lose 85 per cent of 
their weight ivhen air dried, and contain in that condition 10 to 15 
per cent of potash as KCl, 1 per cAt of fiitrogen, and 0-0 per cent 
of phosphoric acid., , • ^ • * • 

■ Asipointld out bylJ*He'ndrick,“ the saaweeds growing arc»ind 
thacoast of thS United Kingdom may be divided into two^categories, 
those growing between low and high water lAark, known as black 

• 

' C. O. Cress-well, “.Jour. See. Chem. Indt,” UI1.5, p. 38S. 

*S. Ma-'adam, “Jour. Soc. Chem. rndt.,’’ IHSH, p. 711. 

’ J. Hendrick, “ Jour. Board o( aVic-.” P- 
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\Aaok,* bladder wrack, and out weed, belonging to the order 
Pucaeea, and tlfose growing in shallow water below low water 
*maA, ipown as drift weed t>r tangles, belonging to the order 
Lwminariaeea, the most important of the latter being L. digitata. 

*The average composition of the dried seaweeds is given in the 
following t^ble:— , _ * • 



L. digitata. 

L. steiiojyhylla. 

F. 

oesiculoms. 

F. 

nodosiks. 

F. 

serratus. 

s 

Stems. 

Fronds. 

Bteros. 

Fronds. 

matter 

64-03 

77-28 

64-73 

77-76 

79-71 • 

78-39 

77-56 

Soluble Ash 

27-98 

17-30 

■29-00 

18*84 

16-08 

T 6-90 

17-30 

Insoluble ash . 

7-37 

4*59 

5-73 

4*13 

3*30 

4*14 

4-63 

Sllioa j. 

0-66 

0-82 

0-53 

0-26 

0-92 

0-57 

0-62 

Nitrogen . 

1-31 

1*30 

1-02 

1-08 

1-18 

1*18 

1-50 

In soluble ash: 








Potash (K,0) 

10-49 

5-25 

12-35 

4-49 

. 3-07 

2-52 

4-18 

Soda (Na,0) . 

3-35 

4*24 

4-91 

4-91 

4*51 

5*75 

4*85 

Sulphurio acid (SO«) 

2-94 

2'97 

1-77 

. 2*42 

.5-71 

5-46 

3-95 

lintai halogen as Cl. 

9-92 

6*11 

11*28 

6*56 

3-44 

3*50 

4*70 

Iodine . 

r « f 

0-54 

0-38 

0-32 

0-29 

0-04 

0-09 

0-05 


It will be seen from the above analyses that if drift weed were 
simply dried and ground it would form a fairly efficient manure, 
since, in addition to the organic matter, it contains about 10 per 
cent of potash and over 1 per cent of nitrogen. L. digitata is also 
valuable<as a source of iodine, one ton of ash from the stems yield¬ 
ing 33 lb. and the same amount frem the fronds yielding 40 lb. 
of that element. The fuci are less valuable, but at the present time 
it would pay to burn them for ash. 


I 

t 

••Ares. 

Fresh Cut 
Kelp. 
Annually. 

Potassium 

Chloride. 

C . r 

Sq. mile. 

TVins. 

4> 

Tons. 

Gendros Island to San Diego . 

97-4 ■ 

. 16,979,800 , 

649,000 

Saff. Diego to Point Conception 

97-9 

118,195,300 ^ 

696,000 

Point Conception to Cape Flattery . 

36-2 

4,877,400 

167,000 e 

2O,O0e 

Puget Sottul. 

5*0 

620,000 

South-East Alaska 

141-6 

15,666,000 

■ 598,000 

Westeifn Alaska .... 

u 

17-9 

3,367,000 

136,000 

Total. . ■ ■ ■* ■ .'o- 

890-0 

69,105,600 

2,266,000 
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, The possibility of the utilization of seaweeds has bden viry 
exhaustively examined in the United States, !,Hfl*re enormcfus ‘ 
quantities of seaweeds are to be Dbtamed, In a Unilj^ States' 
Government Report' particulars are given, .reproduced on opposite 
page, »f the extent of the beds on the Pacific? Coast:— » 

The average figures for the various kelp^ are as follpws:— 


Potash (K,0) . 
Nitrogen . 

I Iodine 


Mdcrocystia 

y^reocystis 

Alarui 

jtyrifera. 

lnetkean<i. 


• 



12*59 

20*1 

9*1 y 

1*57 

1*9 

2*6 

0-2B 

0*19 

trace 


The amount of potassium chloride which could annually bc^ex- 
tracted from this harvest of seaweed is thus five times as muon as 
the total imports of potash salts from Germany. 

It if» calculated that at San Diego and neighbourhood, for in¬ 
stance, the cost of Ijandliug, drying, grinding, storing, and loading 
•would not exceed $1 per ton of dried kelp, cutting and colleo,ting* 
Sl'83, and general expenses $1, total S3‘83. On the other hand, 
the value of the kelp would be 815'75 per ton, U which 88?would 
represent the potash value. If these figures are correct the margin 
■of profit is sufficiently great to stimulate this industi^ and thus 
build up a national potash fertilizer industry. It was reported m 
1916 that a plant on a commercial scale was alx)ut to bo erected 
by the D.S. Department of Agriculture for the treatment of kelp 
and extraction of potash, including the most modern •forms of 
drying kilns, distillation plabt, etc., capable of dealing with 200 
tons of wet kelp per day. 

It has also been proposed to propagate such varieties of sea¬ 
weed as Pelagophycus porra (egg), which are known to be rich in 
potash. The latter species being found in' certain areas along the 
coast of Lower California.. • , , 

• There are on the Pacific Coivst several factories turning out dry 

seaweed for ^grichltural purposes to take the place of low gride 
potash salts, and, according to andlher dfiicial estimate, 6,000,000 
tons of potassium chlop<iB per annum could bebbtiined from them 
dn tha/t coalt. Potash q^tamed from the kelp of the Pacific CWast 
wy marketed*in 1915. ^ 

*Kelp^s prepared at several places on th# Irish Coast, the ex- 

* ports amounting in 1912 to 4719 tons, valued at £18,^00, ^nd in 

*F. K. Cameroo. “U.S. Commerce No. 14B, June 19, 1^15,« 

Board ol Trade Joum.,” Dec. 14, 19lB. 
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1^13 3939 tons, valued at £16,631. In Norway and alsb in 

Jipan potash^affe are likewise prepared from seaweeds, the annual 
‘’production in Norway being about 1000 tons, containing 34 to 37 
per cent of potash (KjO).* Japan, which until recently was an 
importer of both potash tsalts and iodine, has now beoomaan ex¬ 
porter. , , 

According to J. H. Norton - the possibility of utilizing the vast 
deposits of seaweed in the Sargasso Sea of the Central Atlantic 
has been considered. This material is drifted into the West Indies, 
and cast upon the shores of the Bahamas in enormous quantities. 
In least one harbour the accumulation becomes so'dense at 
times as to considerably hamper and even alnjost to stop all 
navigation. It has been found that this seaweed contains on an 
afera^ 9 per cent of potash as compared with 18-9 per cent in^ 
the kelp from the coast of California. 

rWitJi regard to the collection and treatment of seaweed an 
interesting account was given by J. F. Lauches “ of the methods 
adopted at Puget Sound. The kelp {Nereocyslis luetkeana) is out 
hy a series of knives which are operated from a “ scow ” trwed by 
a tug. At high tide one of these appliances will cut 100 tons of 
gre.m kelp in 6 hours, and at low tide its capacity is increased. 

By harvesting the seaweed direct from the sea contamination 
with sand is avoided; the latter causing the loss of potash and 
iodine when the kelp is burned. Also it ensures a continuous 
Ijarvest, wBereas the old system of collecting from the shore was 
only remunerative after large quantities of the weed had been cast 
up by rough seas and high winds. 

From the “ scow ” the cut material is removed by a conveyer 
to a chopping machine which comminutes it, and thence by another 
conveyer to the deck of the tug. Uitloading is performed by hand 
labour delivering the material by means of a conveyer to storage 
bins on shore. The seaweed contains in its wet condition about 
92 or 93 per cent of water, and owing to the pressure of the material 
in the bins much liquid containing potash salts is squeezed out. 
The residue is finely shredded aijd then deprived of most of its 
moisture in a direct heat rotarj drier, provided with dust chambers.- 
The material as it emerges is sufficiently fine t& be mixed directly 
with other fertilizers, in order to prevent any loss of nitrogen the 
wet weed is feu‘ in at the fire end and is'po^^sed at such a speed as 
to ' nsure its containing"5 to 10 per cent of.smoisture.' The potash 
can be ref^dily extracted hy leaching with water, and with 80 j)ar 
cent muriate at $35 per ton it is believed that the industry ^>11 be 

^ " Bulletin Imp. Inel.,” 1916. 

^ J. H. Nortonj “ U.S. Cone. Bep.,” No. 276, Nov. 24,1915. 

^J. F. Lnuohes,.'‘Met. and Chem. Eng.,” 1916, p. 304. 
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quite profitablev The costs are, for harvesting and unloading the 
green kelp, 49 cents, and drying, 25 to fO cents4^ * * • 

The old method of treating the Vced was to expose iUto the ail- 
until it was sufficiently dried and then bunn it in heaps. The ash 
was then leeched for the extraction of the soluble salts. DelaAal' 
in 1767 hbtained a patent for|)urning the wgt weed in teverberatory 
furnaces with wood or coal. B. (i. 0. Stanford * proposed to dry- 
the weed, press it into cakes an(i‘lhen distil it in retorts. The 
charcoal was cooled in closed receptacles and then leached with 
water to^extract the potash salts and iodine. In addition tar water 
and ammonia were obtained in the distillate. Instead of burning 
the weed, Gigijon and Gagnage * crush and press the weeds r iicus 
giganteus and ^ostera marilima while in a wet state for the ex¬ 
traction of i»itrogenous matter and salts. The i-esidue is then tolled 
with a solution of soda ash, and the liquid is used in a siififiequent 
operation. It was proposed to employ the residual celluljir tissue 
for paper-making. 

Stanford ^ also proposed to treat the weed with hot or cold 
water #nd evaporate the solution to di-yness. The residue was 
then carbonized and extracted with water for the recovery of potasl^ 
and iodine. The pulp was suhsecpientiy boiled with alkali for the 
production of a gummy material, which was known as algin. 
Boberg and Testrup* have been granted a pateift for the. trSatnjent 
of seaweeds, which consists in mincing and pulping tjie material, 
heating in a closed vessel at ]7()'' G. for twenty minutes and thpn ' 
pressing. This results in the formation of a good solid press cake 
and a liquor containing 70 per cent of the original alkali salts, 90 
per cent of the iodine, 33 per cent of the nitrogen, and 10 per cent 
of the organic matter. * 

C. A. Higgins'’ is not ver^ hopeful as to the future of tho3iea- 
weed industry, since the methods of collecting and incineration are 
comparatively costly and will only continue while the cost of 
potash salts rules high. He refers to a method of treatment which 
has been successfully operated by the Hercules I’owdcr Go. at San 
Diego, California, since 19l5.. In this-process the material is 
’ fermented and the^ liquid neutraVizefl with limestone. Three stages 
of the proceiie may he discriminate^. Iig the first, calcium acetate 
and potassium chloride are the chief products, in the second 
calcium salts of jeeti*,‘pi^fionic, butyric, and dlileric acids are 
obtairihd, while in the (third most of thef potassium iodide i# ex¬ 
torted. The*further treatment consists in heating the mixture 
of calcium acetate and potassium chloride ^hereby acetone and 

t 

•Eng. Pat. 870, 1767. VtW,, 14H, ISClg »7tt<f.,‘2741, 1865. 

142,1881. “ 7Jtd., I'iti6, l'J14. * * * 

•C. A. Higgina, "Chem. and Met. Eng.,” l‘J18,\). 4.12. 

» 23 * 
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ao^ne oils ar^ off I'ffo residue is leached with water 

ip e:^tract the potassium obloride. The mixture of organic salts 
is distilled with alcohol and sulphuric acid for the pr^uotion of 
esters, and the iodine is-obtained from the third product by treat- 
menli with chlorine anJ sublimation. The author ^ states that 
probably the total production of potash from seaweed in the 
United States at the present tjme does not exceed 25 tons of 80 
per cent potassium chloride per day, and that more than halt this 
is obtained as high grade salt (95 per cent KCl) by the fermentation 
industry. ^ „ 

Potash from Wool-Scouring Waters .—Raw wool contains, along 
with the natural fat or “ yolk ’’ and dirt, a very appreciable amount 
cf>)Ot%3h salts. When the wool is cleansed by washing with soap 
ani wat^r the potash salts pass into solution and help'to form an 
«mulsi6n with the fat, the liquid in many cases being run into the 
neai^t ttream or drain as the quickest method of getting rid of 
it. This wasteful process, however, has not been altogether uni¬ 
versal and many methods have been tried for ,the extraction of the 
valuable products which it contains. The beat and most Ihtional 
.method of treatment is to extract the w6ol with volatile solvents, 
the ftiief difficulty in this case being the great bulk of the material 
to be treated, the consequent size of the appamtus required, and 
the'Very large amount of solvent to be employed; but when such 
plan is adopted the grease is very quickly removed and the potash 
salts are left practically untouched, to be subsequently extracted by 
■Vt'ater, and, after roasting, they form a fairly pure kind of potassium 
carbonate without further treatment. In the Bradford district the 
raw wool, containing 40 to 50 per cent of grease and dirt, and 
approximately 4 per cent of potash, iy washed in warm soap and 
water in two series of howls, each series comprising four hovrls. 
The soapy liquid is run into large brick-lined tanks excavated in 
the ground. When a tank is sufficiently full, sulphuric or hydro¬ 
chloric acid is added in the proper quantity to decompose all the 
soap, whereupon a separation of fatty aijids and wool fat takes place. 
The water is then draineS through it layer of fine cinders, and after 
a time a considerable layer of grease accumulates on the latter and 
is removed with the spade. The grease is placed it; filter bags, 
which are heatijd ard pressed, the clarified grease mssing through 
the bags. This is known as wool greace or'-Yorkshire,grease, and, 
has a ready sale. The liquid from these tafiiks is usually run into 
the nearesf stream. ,In the Smith-Leach process,* nowever, 
wool-grease, which is. merely in suspension, is removed by oentri- 
,'ugal mfeanffand the liquid is eyaporated and used again for scouring. 
Jn this way it becomes* more and more rich in potash salts and^jan 

' ' - . ^ 

' “ Jonr! Soo. Cbem. Indt./’ 1903, p. 851. 
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be treated for their recover)'. This process jp operation at, 
Bradford until a few years ago, but owing to olmDged oonditipns ia 
cot now profitable. According to Professor Gardner raw*#ool con¬ 
tains about 18 to 20 per cent of grease and 6,to 6 per cent of pojash, 
but with tli^ blend of wool now used it fs only possible under the 
best conditions to get a liquid oontainingd per oentW potassium 
salts, whereas with the wool used uvPrance, which is much more 
greasy, a 13 per cent solution can be obtained which will pay for 
the recovery of these salts. Large quantities of potash salts are in 
this way,obtained in France, but the production is decreasing. In 
1890 the total amounted to 4,000,000 kilos. f 

A review oi the methods of recovering potash salts h orn wool¬ 
washing worksJias recently been published by R. S. WestofV fie 
states that previous to the war the only method of treatiiig wool- 
scouring liquids of practical importance was that with atid, as 
above described. The potash in the liquids is then in tlie foifn of 
sulphate and is so contaminated with other salts that no process 
has yet been invented,to recover it economically. In the precipitation 
proces/lhe waste liquors are allowed to stand for the settlement of 
sand and other solid impdVities. The liquid is then passed throughi 
a centrifugal machine, which separates the fat and also* the 
finer suspended matter. The clarified eflluent is .treatqjl with 
chemicals which precipitates some of the impurities and dhe 
remainder of the grease, and the sludge thus formed is tjlter-preseed 
and dried. By extracting the dr)’ sludge with solvents a low- 
grade grease is obtained and the residue is ground and lulded to 
fertilizers. The liquid from the filter is now sulliciently purified to 
enable the potash to be recovered from it, which is,done by 
evaporation to dr)ness, calcjning the residue in a rotary furyace 
and lixiviating the ash with water. 

In a modification of this method, known as the Cardeni process, 
the liquor from the centrifugal machine is sprayed through special 
nozzles into’ a series of chambers through- which hot flue gases are 
passed. The process is divijfed into two stages, known as the “ wet 
ohamberl” and the “ dr)' chamber ” respectively. In the wet chamber 
stage the liquid i« simply concentrated, but in the dry chamber 
the concentrated liquid from the fyst is further evaporated until a 
perfectly dry product is obtained. For this ipuipose the liquid 
must be d^reased ‘solvents, otherwise the evaporating is 
impeded. Th,e dried {ii*duct is very hygroscopic, but can be used 
Istit is or after calcination; the potash salts ^ay be re*overed by 
lixiviatiofl. The settled and degreased kquors may also be 
evaporated in specially designed evf^orators, until it tont&ins 65 
peri*eeot of solids, and then coked ifl an »]aen fuma''“ -"d the 

' B. S. Weston, “ Jour. Soc. phem. 17 T. 
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, re^due leache^ with water for recovery of the potash. In soine 
'^un^ries, as for fcstanoe in France, the so-called “ de-shinting" 
process f^foflowed ; this consists in first soaking the wool in cold 
water, which dissolves Ae potash salts, which are then obtained by 
evaporation and calcination, the wool grease being |abse(Juently 
removed with warm wider and soap. . ® 

With regard to the cost ob^ol-scouring, the author states that 
the average wool-scouring plant usually has two trains of bowls 
which will discharge 12,000 gals. (U.S. measure) or about 200,000 lb. ' 
of waste per day. A plant for the treatment of this wagte would 
cost the present time, even with the ruling high piiees, not more 
than $40,000. The 200,0C0 lb. of waste liquids would contain 
ab^ut^^OOO lb. of grease and 2500 lb. of potash, and by treatment j, 
there w^iuld be recovered 2000 lb. of centrifugal grtasS, 1750 lb. of 
extracted grease, and 1600 lb. of potash. The balance sheet would 
theih be«omething'like the following:— 



rer dietrt. 

. Per diem. 

Cost of centrifugal process . 

H5 

2000 lb. of centrifu^l 


,, ,, evaporation 

48 

• grea^ at 10c. . 

¥200 

,, degreasing 

. 35 

1750 lb. of extracted 


,, „ coking 

17 . 

grease at 8(*. 

140 

Management) ^ 

20 •. 

1600 lb. of potash at 


*' 


17 *50. 

280 

To(a\ .... 

. 165 

Total . 

. ¥620 


Daily profit . ¥4-5.5 

The profit appears to he very large, but it is stated that one mill 
operating* three trains of bowls is actually making a profit of $500 
a d£y on centrifugal grease alone. ' 



CHAPTER XVII. 

TR.WSFEHE.NCE AND H.ANDIJXG OF U.AW MATEUI.AES AND 
FINISHED I'KODUCTS. 

• 

The economic Jivniliiif' of raw miterials, tiijl, ami linislicil nro.luots 
is one of tlft moi!; important problems whicli thi in imifiiefurer— 
desirous of copin.:' with th i increasing; comp.'tition—hist* solve. 
But until recently it was oxcc(!.liri;;ly dillicult to find a,uiii»jrsal 
system of automatic transport alapting itsdf to the varying 
exigencies of dilfircjit factrries, and for a long tinii it was only 
possiblf to devise special installations for each ciso' according to 
the nature of the materials to he conveyed. To dilfioulties of thij 
nature was further added anoth n- arising from the plan ci the 
factories thorns lives. Tlie greater part of them, as is w.dl known, 
had a very modest higinniiig. Tney hive devetoped'gradiAlly.and 
hive increased their production in a in >asure quite out jf |iroportion 
with the working space at their disposal, so much so that thcrij is” 
no room tor installing conveyeies. These arc reduc.i 1 to th e iiistalliiig 
of lifts and small rails of the Decauville type. The systonis used for 
conveying raw materials already warehoused or to h s warehoused may 
he reduced to three : the continuous system, the funicular'suspoiided 
rails, and the electric suspended rails, which hardly go hack twtmty- 
Jive years. Thicoiitiiiuoussystem isaiready known, haviiigheen in 
use for a long time in all industries. It will suflioe to point out a very 
neat improvement which has lately lieeii made liy .\d. Bleichort 
and Co. In continuous systems, whether thi conveyers are hands 
or cups, work is confinefl to Aha same plane. All cup or chain 
conveyers knowq up to now, otfiei'than those on the Ad. Bleiohert 
and Co’s sjistem, have the drawd^jick of^working in th i same plane, 
and consequently entail a transhipment of thi^materials when it is 
desired tq^onve>itlre»nfit*rfals in dilPirent plane?. This tranship- 
menf entails costly lifcint, consumes motive power uselesslf, and 
exhausts the’material. The mono-rail cup system of ^d. Bleiohert 
and CoS suppresses these drawlucks, for t^c cup-chain continues 
to pass from one plane to another by ttie aid of Bijitiabie guides. 
%• 51 shows a section of the oups’of this jngenious system. Figs. 
65 and 56 are photographs of instaiiijtions of this systuin at vsork. 
Fig. 57 is an auplicition of this cup-ohiin*to the handling of fuel 
la.'iTi 
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andf raw •material in a chemical factory. This firm has fikewise 
hroftght the elettft automatic systems with intermittent Charges 
W sudh perfection that they have spread enormously for some time 
back in Europe in metallurgical works and chemical factories. 
This^process of autonfatio electric handling consists ^n ctwsing 
an automatifi car (to \fhich is suspended a bin) to cof-vey the 
material to run over an aeriahrailway. The current is led to this 
electric car by a bronze wire."'' Fig. 58 represents this system,, 
which has this great advantage, that any desired shape may be' 
given in a horizontal plane to the rigid aerial railway, s^ that it 
can go round the multiple obstructions'which it meets not only 
in old'factories but even in those still under construction. An 
electric automotor truck, such as is shown in Fig. 58, can turn in 
curves 6f<two metres radius. The Americans, it is tros, were the 
promoters of a system called “ Telpherage,” which wasi likewise 



F»o. 64.—Section of Elevating Cups (Ad. Bleichert and Co.), 


based on the conveyance of heavy unitary loads on rigid, robust 
aerial railways suitably supported, but the principal obstacle to the 
extension of their system was that it barely attained a yield of 12 
per cent, due to the want of proportion existing between the weight 
of the rolling oar and that of the useful load to be conveyed. 
These weights were in taot in the rivtio'oE 5 to 1. But if the first 
thing to be done was to reduce the'Weight of the oar and the bin 
which form the truck as much as possible, taking ’ into j coount the 
safety of the workmen, it \vas n&oessary also to create from the 
triple point of viet/ of economy, simplicity afni) rapidity of transport 
all tbo other parts of a 'complete installation. The plant' and 
rolling stock for transport, such as the exigencies of modern factori^ t 
demand, should incluJe points and automatic safety apparatus, 
and abov^ alj the auto'matio travelling of the individual wagons 
independent of any handling, US' well as the greatest possible spe^. 
The system, devised by .\H. Blefc)iert and Co., owing to the Ingenious 
arrangements of its rails', points, and curves, combines this associa- 
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FiaB.''65 and 50.—Electrical Conveyen (AdfBIeichert and Co.). 
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tion of tffe greatest possible speed with the automatic worxmg ot 

the trucks, and certainly 
the solution ot the problem 
should attract the attention 
of manufacture, Air it 
.effects a remarkable saving 
in the working expenses of 
factories, particularly in 
chemical works. When the 
railway is on a level,a single 
nfotor suffices, the rigid rail 
being generaUy fixed on a 
level. But ip most cases it 
is necessary to span a differ¬ 
ence ot level between the 
point of departure and the 
point of arrival. It would 
be, moreover, very onerous 
to wish to employ a dniform 
slope throughout all the path 
ot the railway, for it would 
involve a considerable ex¬ 
penditure of energy and a 
costly constuction. 

The Bleichert system 
overcomes the difficulty in a 
jiractical manner by inter¬ 
posing in the network, sus- 
^rended on bearings, trunk 
ways with desired incline, 
spanning the out ot level, 
whilst preserving enough 
free space to allow the 
wheels not to lose contact 
with the railway, and the 
bins to nijiintain their na¬ 
tural movement of oscilla¬ 
tion. The advantage ot this 
%ystl;nr. consists especially in 
the fret that the limit’ need 
not be taken into account,* 
for the sections aretspanned 
by aid of organs absolutely 
independent of the driving 
of the cars. For this pur¬ 
pose the carrying track becomes a strong stair and rejoins -ip a 
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few metres an upper part on bearings, and on this staif the oar 
is not driven by its own motor. Ji special sy(4ent consisting* of' 
a motor and a chain or cable, running above the rail*on,tfie Stairf 
pulls the car along in the following manner: A hook fixed in the 
oar cafches J;he chain which drives the ^xbd motor of the stair. 
The carrying system is drawn up to the ipoment wl^m the hook 
quits it, which haj)pens when the_ «ar readies the elevated part 
or bearings. When the car catches on the stair the current from 
its own motor ceases, whilst it (luts the caWe in motion by 
means o^another special motor which animates it with a uniform 



Fro. *)8.—Electric Autoinotor Truck. 


motion. [At the, iiioinent wlifih the car reaches thi* upper ex* 
tremit^' of itfce inclined section, the inverse occurs. This niaiTner 
of traversing the stair is very advantageous,^as it jKirmits a low- 
power- mq^r to be the car. If the cifr motor had to 

ascend a considerable incline of itself, it*would require to hUve a 
*ba|ich greater force, hence a considerable weight increase of the 
section the carrier, and conseijuently an increase of expense in 
the initial installation and working expenses (it would r^quijre in fact 
m«*©rs six to ten times more powei^ul per car). There are caseS, 
however, where, in consequence ol^ ponsidwations spe*ial«to»the 
prqt>lem to be solved, it is preferred, instead of this mixed solution, 
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to solve the problem of removing material by i^ans of’fiidepen- 
dent arrangements enabling each to sutmoun't l4ie difficulties ^n- ' 
countered. Automatic handling installations can in t8,ct»lie Jeen* 
consisting of a network of the system of cup-chain elevators com¬ 
bined i^th ^ electric network, or consisthig^of some one of tHese 
with the tfiira system, that is to say, the funicular rope s«’steni. For 
example, Fig. 59 shows a conveying installation in a supierphosphate 
factory in which very' considerable (TitTerences in level had to be 
spanned. It was a question especially of conveyhig the raw phos¬ 
phate discharged from ships into a shed through" the whole factory 
by an overhead railway to Bring it into the superphosphate fiictory 
situated behind? and to lift the superphosphate there and de))Osrt it in 
3, shed from which it is charged into railway wagons. In th^o 
iransfers all handling had to he avoided. The 'supcr])hosphftl* sired 
iS connected with the factory by a cable conveyer starting frcMU the* 



of Fit!. f>-i- of Fit!. of Wk. •'id. 


point (j, and reaching about H metres (2(1 feet) in height, going 
round the factory and bringing its bins into a discharging hojiiier, in 
which _they are tip-tilted. The linished juperphosphato is in its 
turn poured by means of an elevator into a hoppei- installed on the 
roof, froth whence it is cottvl^eij by meanaof an electric automatic 
•superphosphate conveyer installed fthove the raw phosphate con¬ 
veyer. The iilting of the bins in the hall of the depot, their retilrn 
and thffir stoppage at the point ot loadfng, are carried out in an 
absolutely ajitomaljjc mcrtngr.* Fig. 64 shows the flj’stem of rolling 
and of* tilting the eledtjjo superphosphate* bins alarve their de^tot; 
tli^sections of the figure (Pig. 60), a b, c d, e f, show t^e arrange¬ 
ment of the railways. There will be seen (?h the section c d the 
• elevator described above, which serves to pour the sujigrphcaphate 
, intone bins of the electric automatic^ystem. This question of thd 
elevation of material leads to the description of another mithod 
gen^lly used to elevate material to levelsVapable of sometimes 
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reaching lO naetres (33 feet) of vertical difference in level. The 
' system of rope trSlrtion of cj,r8, ordinary or electrical, on a stair to be 
spanned* »ucn as that shown in*the section g h ol Fig. 59, can only 
be judiciously employed when the tonnage and the difference in 
level warrant it. Fof af/erage tonnage and less, an^for fertical 
differences i* level up ),o about 6 to .7 metres, a special %ystem of 
automotor car with crane is used, such as shown in Fig. 61. It will 
be seen in that figure that between the bin and the oar properly so 
called there is gelred an electric crane with its commutators, mag¬ 
netic brake and different arrajgements 
to render thS whole of the necessary 
manoeuvres automatic once the current 
is applied to the whole of the car. By 
this system and by the aid of comple- 

• i— - mentary arrangements of the line, the 

, I whole of the car can be arrested in any 

■ desired point of its course to pass the 

current automaticijlly from the upper 
translating motor to the lower !hotor of 
descent, and of lifting, driving the crane 
at will; automatically to tilt the bin of 
its contents by the action of the electro¬ 
magnet and its lifting crane, after which 
the empty bin, coming to its highest 
position, acts at the same time on a con¬ 
tact rvhich again causes the current to 
pass from the elevating and descending 
crane to the propelling crane, and the 
whole ol the car starts in motion again, 
to return to the place where the bins are 
filled. The latter are filled by themselves 
at the hopper by a manceuvre, say, ex¬ 
changed against others filled between 
times in the course of the journey of 
the preofiding ones. In general, these 
automotor cars consist of two'chfeeks of cast-steel firmly held to-' 
gether by cast-iron cross-pieces,.between which are lodged crucible 
oast-steel pulleys wjth deep grooves, the bosses of which turn freely 
on axes of phosphor bronze acting‘as Rikrioating re^iervoirs. A 
whdfel gearing with the steel pinion of the ajeutric motor is fitted on 
the outside of one ot^these pulleys, and on the boss'of the oth^ $ 
brake pulley is mount^, the band of which, stretched on » powerful 
spring,fon ithe type of a coach-spring, is automatically liberated ' 
when at whrk by an electro-magnet. There are a very large nraober 
of- th(-8e ‘types of electrical .'cf is, so as to respond to the different 
problems occurring ih industry. For example. Fig. 62 8ho|?8 a 



Fio. 61.—Spooial Antomotor 
Electric Csr with Crane. 
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special system of car tor spanning very sharp curves. Wiere vrill 
also be seen from the figure the difficulties w^hh^had to be *ir-, 
mounted in a factory the free space df which at this point isj.^strictedi 
as shown in the engraving. It also shows the use of bins with bi- 



Fia. 62..»-View of SpecisI Electric Car Conveying ljy«tim turning ruplil cunm 

latoal discharge by the unlatching<of the system of cfosing of thefr 
s® doors. Fig. 63 shows a bin of this syftgm hooked ko a^pgcial 
oar with a specially arranged crar.e* \t hich«is used in the siloing of 




see CHEfilGAL MANURES 

various t&aterials before being fed into the different hoppers. It 
1 •will be seen tfiaftthe bin shown in tbe engraving is fittM with a 
<our*whppled truck which enables it to run on Decauville rails in 



(the space through whKih it proceeds to the filling of the bips. I^e 
iinoBt in}portant points of this system of electric traction must be 
. described. *If the railway is sfc-aight the speed may reach 2 m^es 
t(6 ft. § in.^ a second. .But this is not generally the case. A system 
rf)ften contains very sharp ourVes, in which the car and the suspended 
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tin ought to have a much lower speed than that given Mye. It 
will be ^en that the centre of the system in being mubh 

lower than the railway on which ft rofls, centrifugal •fow cfirre-' 
eponding to the speed of 2 metres per second, would cause the system 
to devi«e appreciably from the vertical, which might cause mishaps. 
To obviat* this, in the Bleichert system resistances are^tted on tne 
inductor at the passage of curves, so <is to diminish the speed only 
in the curved part of the course; iii fte straight lines the speed is 
a maximum. Another peculiarity consists in the arrangement of 
the poinijg; so long as the apex of the points is not well closed a 
commutator electrically istilates on the opening of the latter a 
certain length «Df conductor up to the points itself. The car*then 
becomes station^iy in front of the points if these are badly shifted, 
which avoid* accidents. The length of this insulated trunbi? such 
that the truck cannot reach the points in virtue of the alsquired* 
speed. When it is not a case of heavy freights, the most practjcal 
system is that in which the trucks accomplish a double journey on 
the same line; but in^the case of important installations the railway 
is arranged in a circuit, so that the trucks can circulate in the same 
direction and folloWiCach ether continuously. So as to stop or start 
the trucks at any desired point, the naked conductor which ti»n8-' 
mits the energy to the trucks is divided into sections, insulated the 
one from the other, and, as need be, such and •uch*Hectiftis are 
brought into circuit or out of circuit by simple commutators working 
automatically, which can be placed at any necessary spot, , 
The division of the line into separate sections has the advan¬ 
tage of forming a block system, which prevents any collision auto¬ 
matically, and any shock between the trucks at the points or the 
crossings. Each truck reaching a section interrupts autdinatically 
by means of a commutator’the current from the section it*ha8 
just quitted, so that the wagon following, arriving on this sectioa, 
which is thus out of circuit, stops of its own accord. As soon as 
the firjt of the trucks just described arrives at the end of the section 
which we hav% seen it enten it automatically turns a commutator, 
which re-establishes the cuTrrSntsm the section on which the follow¬ 
ing wagon is standing, which can ifl this way continue its journey, 
repeating the preceding operations^in the same cycle for the truck 
following. In that way no truck can reach ^ossings and points 
until the ^agon yrhich ‘pijededes is at a sufhcieifl distance, and 
before It can pass them^^n its turn. • • 

• This arrangement, indispensable to anj suspended electric 
railway m which a regular and safe service^is required, produces 
tt certain points—for example, where the trucks ar» filled—the 
'ollaaving effects. The truck reaches the ^ot where it is filled,^ 
itops automatically, the current on tl^q section on which it is placed 
lav^pg been But by the truck ahead. The Workman, the only one 
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general^ required for operating these installations, opens the 
vaive which sliudl^the hopper, thus allowing the matter to run into 
4he hin,}nd after having rWiVhd its charge, brings the section into 
circuit. If, owing to. fortuitous circumstances, the loading of 
thertruck takes ratherdosg, a large number of wagons wouldt arrive, 
but it wouli^be impossible for them to advance owing %oJihe block¬ 
ing of the line, and they wovdd be forced to arrange themselves at 
regular intervals along the fihe. As soon as the charged truck 
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ffio. 64,—Kleotriotonveyijg CSr tilting Contents into Silo. 


starts, the following one SdvatKS^s automatically and* stop* aji the 
hopper to receive %8 charge. The <»their ^rucks follow the lead 
andjadvance one after the other until tffeir turn comes <b take their 
place at the hopper, and the same routine |oes on continuously. > 
As aWady mentioned, all supervision during the jpurne^ is. 
absolutely superfluous, the trucks are unloaded automatically, for t 
the bolts wfcich hinder the birr from tilting, or which keep the.^^es 
ot^th^ biq closed, unltKch themselves during the working by means 
of a bolt. Owing to Uiese 'arrangements it is possible to obtain 
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great trafiji on the. 
'Aole liia| These 
aeriaf railways on the 
eleotri 9 automatic sys¬ 
tem may be supported 
outside the building on 
wood or metal brackets, 
leaving bel<#w them the 
necessarj freedom tor 
working in the factory 
and assuming, conse- 
quently, shapes appro¬ 
priate tltereto. At other 
times, as a measure of 
simplification’or econ¬ 
omy, these mils are 
hooked otf to wall 
brackets or even to ex¬ 
isting beams. Pig. 64 
shows the automatic 611- 
ing of silos by an elec¬ 
tric railway suspended 
from old wooden beams, 
whilst Pig. 63 shows 
that the automatic elec¬ 
trical railway has been 
suspended from new 
metallic structures. The 
system of bin and car 
of Fig. 64 is a stout 
thick-set system in a 
vertical direction, tak¬ 
ing into account that 
the old wooden beams 
cf factories are at this 
point. surbased, that 
;hey on]y allow of a 
imall heap, and that 
ihus all economy in the 
vertical height of the 
ilant installed is par- 
■icularly eappreciatfi^ * 
)n the other, hand, 
k «ew building like that 
it Fig. 63, . the neces- 
«ry vertical height can 
legSlculated at leisure, 
irofiting in the design- 
Qg fit the nls.n t hv the • 
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of a sufficient height to instal an appropriate system 
, of transport. S'hjs system, so remarkable and so simple in itself, 
insures tly conveyance with a nrinimum of handling of big tonnages 
in as automatic a manner as possible. 

’Jbe ComjM/jnk St.Xri^bain, Cbauny et Cirey, has just erected at 
its Chantenay chemical works near Nantes an important;, installa¬ 
tion of this nature. Thti photographs (Figs. 65-66) sh<tw as a whole 
similar installations in ohefiikjal factories and superphosphate 
factories. The fUj^t is the Pommersdorf chemical factoi-y and the 




Fia.'IJB.—General Arrangement of Electrical Conveying; Machinery in 
Emmerich Chemical Manure Factory. ^ 

9 e • 

second the Emmerich chemicaljnafeure factory. These automatic 
conveying installations in factories where quantities of material are 
treated are of capital imp«irtanc» for go-ahead manufacturers de¬ 
sirous of lowering their wages bill andjo place themselves as far as 
possible beyond the risk^of strikes. ItT-wouW read u#too,far to 
develop all the applications which can be mtde of this system, th^ 
more so as aach new problem leads to a new solution. is toibe 
hoped that enough has, been said tor readers to have at their finger- 
ands all*theffi.dvantages of thef* new systems, which not only are 
already spread throughout France, but have more especially aubn- 
^sidBranle 'developmerit^ abroad \Ve cannot terminate this slight 
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review of these automatic oouvej'ers withbut bringing to ayud feat 
the question of.the automatic conveyance of rawjpalbrials from the 
ships or wagons in which they irrivS is likewise an important' 
question, especially for large factories. Fig. 07 shows th'^view of 
an autematio conveyer installed by the Co^npuink St. Gobain %t its 
Boucau oiiefaical factory, fig. 68 shows a conveyer of this nature 
installed for a German factory of chemical pfoducts by Ad. Bleiohert 
& Co. Sometimes, as will be seen ii^Fig. 67, the cargo discharged 
■ from ships is simply disgorged by tilting-bins or |lings into fixed or 
rolling jjoppers or into rolling stock, or sometimes, on the other 
hand, these automatic transhipping installations are continued by 
automatic conveyers like those descrilred above. The attenljon of 
those working^ phosphate deposits is drawn to the rope system 
adopted by^e C" Centralc lies PhnsphUcs li Paris for worteng its 
deposits of Bordj K’Dir. *• , 

There will bo seen in Fig. 60 a considerable development of 
these rope railways which collect the phosphate into llui (|roi<t 
, warehousing hoppers at the railway statioTi of El Anasser Galliois, 
Algeria* Local considerations, the price of lalxmi', the greater or 
less tonnage to be,discharged and handled, the regular or inter¬ 
mittent manner in which these transhipments or shiftings ocou* 
can alone afford, in each case, the necessary data to solve the problem 
in the most satisfactory manner in the interests of the uianuiacturer. 
The best course for manufacturers who occupy themselves With 
these questions more and more is to submit the proWem to the, 
study of specialists trained by constant practice. * 




